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1. Field of the Invention Signature. 

The present invention relates to a semiconductor device including an integrated 
circuit using thin film transistors on a substrate and a method of fabricating the same. 
Particularly the invention relates to a structure of, for example, an electro-optical device 
typified by a liquid crystal display device and an electronic equipment incorporating the 
electro-optical device. 



10 2. Description of the Related Art 

Development has been made on a semiconductor device typified by an active matrix 
type liquid crystal display device in which a number of TFTs (thin film transistors) are 
arranged on a substrate. The TFT has a laminate structure including at least an active 
layer made of an island-like semiconductor film, a first insulating layer provided at a 

15 substrate side of the active layer, and a second insulating layer provided at a side opposite 
to the substrate side of the active layer. Alternatively, the TFT has a laminate structure 
including an active layer and a second insulating layer provided to be in close contact 
with a surface of the active layer at a side opposite to a substrate side thereof, in which 
the first insulating layer is omitted. 

20 The structure in which a gate electrode is provided so as to apply a predetermined 

voltage to the active layer through the first insulating layer is called an inverted stagger 
type or a bottom gate type. On the other hand, the structure in which a gate electrode is 
provided so as to apply a predetermined voltage to the active layer through the second 
insulating layer is called a forward stagger type or top gate type. 

25 It has been considered that a crystalline semiconductor capable of obtaining high 
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mobility in addition to an amorphous semiconductor is suitable for a semiconductor film 
used for a TFT. Here, the crystalline semiconductor includes a single crystal 
semiconductor, a polycrystal semiconductor, and a microcrystal semiconductor. The 
insulating layer is typically formed of a material such as silicon oxide, silicon nitride, or 
5 silicon nitride oxide. 

It is known, as the semiconductor film above, a semiconductor disclosed in Japanese 
Patent Application Laid Open No. Hei. 7-130652, No. Hei. 8-78329, No. Hei. 10-135468, 
or No. Hei. 10-135469. 

It has been known that a thin film of the above material fabricated by a well-known 

10 film forming technique, such as a CVD (Chemical Vapor Deposition), a sputtering 
method, and a vacuum evaporation method, includes internal stress. The internal stress 
has been classified mto intrinsic stress which the thin film intrinsically has, and thermal 
stress due to a difference in thermal expansion coefficient between the thin film and the 
substrate. It has been possible to neglect the thermal stress by controlling the thermal 

15 expansion coefficient of the substrate and process temperature of fabricating steps of the 
TFT. However, the generation mechanism of the intrinsic stress has not been necessarily 
clarified, and it has been considered that the intrinsic stress is generated by a complicated 
combination of a phase change and composition change of the thin film during a growth 
process thereof, by heat treatment thereafter, and the like. 

20 In general, as shown in Fig. 3A, when a thin film is contracted with respect to a 

substrate, the substrate is deformed by the influence while the thin film is located inside. 
Thus, the internal stress is called tensile stress. On the other hand, as shown in Fig. 3B, 
when the thin film is expanded, the substrate is compressed and is deformed while the 
thin film is located outside. Thus, the internal stress is called compressive stress. Like 

25 this, the definition of the internal stress has been considered while the substrate is made 
the center. Also in this specification, the internal stress is set forth in accordance with this 
definition. 

It has been known that volume contraction occurs during a process of crystallization 



in a crystalline semiconductor film fabricated from an amorphous semiconductor film by 
a thermal annealing method or a laser annealing method. Although depending on the state 
of the amorphous semiconductor film, it has been considered that the rate is about 0.1 to 
10 %. As a result, there has been a case where the tensile stress is generated in the 
5 crystalline semiconductor film and its intensity becomes about 1x10^ Pa. Besides, it has 
been known that the internal stress of an insulating film, such as a silicon oxide film, a 
silicon nitride film, or a silicon nitride oxide film, is variously changed from the 
compressive stress to the tensile stress by fabricating conditions and subsequent heat 
treatment conditions. 

10 In the technical field of a VLSI, a problem of stress has been pointed out as one of 

causes of a poor device. With the improvement in integration, it has inevitably become 
impossible to neglect an influence of local stress. For example, it has been considered that 
a heavy metal impurity is captured in a region where the stress is concentrated so that 
various poor modes are caused, or dislocation generated to relieve the stress is also a 

IS factor to deteriorate the characteristics of a device. 

However, with respect to a TFT formed by laminating a plurality of thin films, such 
as a semiconductor film and an insulating film, an influence caused by the interaction 
between the respective internal stresses of the thin films has not been sufficiently 
clarified. 

20 Although there are some characteristic parameters expressing TFT characteristics, 

an electric field mobility is regarded as one standard indicating the level of performance. 
In order to realize a high field effect mobility, the structure of a TFT and its fabricating 
process have been carefully studied in view of theoretical analysis and empirical sjde. As 
especially important factors, it has been considered that it is necessary to decrease j hulk 

25 defect density in a semiconductor layer and an interface level density at an intertace 
between a semiconductor layer and an insulating layer to the utmost degree. 

In order to decrease the bulk defect density and interface defect density formed in 
a crystalline semiconductor layer, the present inventor has considered it to be a problem 
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that the defect density is decreased while internal stresses of respective thin films are 
taken into consideration and a stress balance is taken, in addition to optimization of 
fabricating conditions of a TFT. 

SUMMARY OF THE INVENTION 

5 An object of the present invention is to solve the foregoing problem and to realize 
a TFT in which bulk defect density and interface defect density are decreased while 
distortion is not generated in a crystalline semiconductor layer. 

As described in the Background of the Invention section, tensile stress is inherent 
in a crystalline semiconductor film fabricated from an amorphous semiconductor film. In 

10 a TFT including an active layer of such a crystalline semiconductor film, it has been 
necessary to consider a stress balance in order to laminate a gate insulating film, other 
insulating films and conductive films without generating distortion to the crystalline 
semiconductor film. 

The stress balance to be considered here is not such that composed stress is made 
15 zero by compensating the internal stresses of the laminated thin films, but such that the 
thin films having inherent internal stresses are laminated, with the crystalline 
semiconductor film including tensile stress as the center, in such a direction that distortion 
does not occur in the crystalline semiconductor film. 

Figs. 4A and 4B are views for explaining the concept of the present invention. With 
20 respect to a crystalline semiconductor film having tensile stress, the present inventor has 
considered to be desirable that a thin film provided at a substrate side of the crystalline 
semiconductor film has tensile stress (Fig. 4B). On the other hand, the present inventor 
has considered to be desirable that a thin film provided on a surface of the crystalline 
semiconductor film at a side opposite to the substrate side has compressive stress (Fig. 
25 4A). In all events, when the crystalline semiconductor film is contracted, if a stress acts 
in a direction to expand this, it is expected that distortion occurs in crystal grain 



boundaries and micro cracks are formed. In such a case, dislocations and crystal defects 
are produced in the region, and a number of unpaired bonds are formed. Thus, when the 
thin film provided at the substrate side of the crystalline semiconductor film is made to 
have the tensile stress, the stress can be given in the same direction as the direction in 
5 which the crystalline semiconductor layer is contracted. On the contrary, when the thin 
film provided at the side opposite to the substrate side with respect to the crystalline 
semiconductor film is made to have the compressive stress, the stress can be given in the 
same direction as the direction in which the crystalline semiconductor layer is contracted. 
That is, when such a structure is adopted that stress is given from other thin films in the 

10 direction to contract the crystalline semiconductor film, the defect density can be 
effectively decreased. 

For the purpose of controlling the internal stress of the thin film, it was sufficient 
if fabricating conditions and subsequent heat treatment conditions were considered. For 
example, in a silicon nitride oxide film fabricated by a plasma CVD method, it was 

15 possible to change the stress from the compressive stress to the tensile stress by changing 
the composition ratio of nitrogen and oxygen or the hydrogen content. In a silicon nitride 
film fabricated by a plasma CVD method, it was possible to change the intensity of the 
internal stress by changing a film deposition rate. 

Further, the important point in consideration of the stress balance was temperature 

20 control in all fabricating steps of a TFT. In a thin film fabricated by a plasma CVD 
method or a sputtering method, even if the film had a predetermined internal stress in the 
initial state, there was a case where the stress was changed to quite the opposite direction 
internal stress by a substrate heating temperature in a subsequent step. On the contrary, 
it was also possible to change the internal stress by using this property. For example, 

25 when a heat treatment at a temperature of 300 ''C or more was applied to a silicon nitride 
film having compressive stress, it was also possible to change the stress to tensile 
stress. 

When a gate electrode was provided to apply a predetermined voltage through a first 



insulating layer provided at a substrate side of an active layer made of an island- like 
semiconductor film formed on a substrate, it was possible to form an inverted stagger type 
or bottom gate type TFT. When a gate electrode is provided to apply a predetermined 
voltage to an active layer through a second insulating layer provided at a side opposite 
5 to a substrate side of the active layer, it was possible to form a forward stagger type or top 
gate type TFT. 

Although a material of an insulating film used for the first insulating layer or the 
second insulating layer was not particularly limited, it was necessary to be able to control 
the internal stress in some way. For that purpose, a silicon nitride film, a silicon nitride 

10 oxide film, a silicon oxide film, a tantalum oxide film, and the like were suitable. 
Although a method of fabricating the silicon nitride film is not limited, for example, in 
the case where the film is formed by a plasma CVD method, the film can be formed from 
a mixture gas of SiH4, NH3, Nj, and H2. By changing a mixture ratio of the gas and 
discharge power density, it was possible to fabricate the silicon nitride film under 

IS conditions of different film formation rates. As a measuring device of the internal stress, 
Model-30114 made by Ionic System Inc. was used. A sample fabricated on a silicon 
wafer was used for measurement. 

With respect to values of the internal stress, it is assume that the tensile stress is 
indicated by a positive value and the compressive stress is indicated by a negative value 

20 so that distinction can be made. According to data of Fig. 17, although any of silicon 
nitride films fabricated at a substrate temperature of 400°C and at different film 
deposition rates had compressive stress, when a heat treatment at 500 ^^C for 1 hour was 
applied, it was possible to change the compressive stress to the tensile stress. Such change 
was realized when a heat treatment at a temperature higher than a substrate temperature 

25 at film formation was carried out, and it was considered that densification of the silicon 
nitride film was the cause. Thus, it was possible to fabricate both of a film having the 
compressive stress and a film having the tensile stress for the silicon nitride film. 

A silicon nitride oxide film was fabricated from a mixture gas of SiH^ and N.O 
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using a plasma CVD method. Also in this case, it was possible to fabricate the silicon 
nitride oxide film by changing the mixture ratio of gas or discharge power density to 
make film deposition rate different. Fig. 18 shows values of the internal stress of the 
silicon nitride oxide films fabricated at a substrate temperature of 400°C. Any of 
5 respective samples with different film deposition rates had compressive stress. Even if 
a heat treatment at 450*^0 for 4 hours was further applied, the state was unchanged 
though the absolute value of the compressive stress became small. 

Although Fig. 19 similarly shows data of internal stress of silicon nitride oxide 
films, this drawing shows data of silicon nitride oxide films fabricated by further mixing 

10 NH3 to SiH4 and NjO. When the NH3 gas was added at film formation, the characteristic 
was changed from the compressive stress to the side of the tensile stress. Further, when 
a heat treatment at 550 °C for 4 hours was applied to the samples, it was possible to 
increase the tensile stress. The change like this corresponded to the change of 
composition ratio of a nitrogen content and an oxygen content in the silicon nitride oxide 

15 film. Table 1 shows the result of measurement of the content of each element in the 
silicon nitride oxide film measured by Rutherford backscattering method (RBS). 

Table 1 





CONDITIONS 


CONTENTS (atomic %) 


H 


N 


0 


Si 


SAMPLE 1 


NH3 = 0 SCCM 


1.5 


7.0 


59.5 


32.0 


SAMPLE 2 


NH3 s 30 SCCM 


16.5 


24.0 


26.5 


33.0 


SAMPLES 


NH3 = 100 SCCM 


15.5 


44.1 


6.0 


34.4 



When the nitrogen content and the oxygen content in a silicon nitride oxide film 
were 7 atomic % and 59.5 atomic %, respectively, it was possible to make the nitrogen 
content and the oxygen content 24.0 atomic % and 26.5 atomic %, respectively, by adding 
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the NH3 gas of 30 SCCM at film formation. Besides, it was possible to make the nitrogen 
content and the oxygen content 44.1 atomic % and 6.0 atomic %, respectively, by adding 
the NH3 gas of 100 SCCM. That is, by adding the NfHj gas, it was possible to increase the 
nitrogen content in the silicon nitride oxide film and to decrease the oxygen content. At 
5 this time, it was possible to change the compressive stress to the tensile stress. When the 
composition of various silicon nitride oxide films obtained by adding the NH3 gas were 
investigated, in any film, the composition was such that the silicon content was about 34 
atomic %, the hydrogen content was about 16 atomic %, and the sum of nitrogen and 
oxygen content was about 50 atomic %. The films having the nitrogen content of not less 

10 than 25 atomic % and less than 50 atomic % obviously exhibited the tensile stress, and 
the films having the nitrogen content of not less than 5 atomic % and less than 25 atomic 
% exhibited the compressive stress. It was possible to consider the change of the internal 
stress by heat treatment while relating it to the change of the hydrogen content in the film 
as shown in Fig. 20. The data of Fig. 20 show the result of measurement by FT-IR to the 

15 hydrogen content in the silicon nitride oxide films fabricated by adding the NH, gas. By 
a heat treatment at 500 ''C for 1 hour, hydrogen bonded with silicon is first released. This 
tendency becomes remarkable as the substrate temperature (see Tsub expressed at the 
upper right of each graph of Fig. 20) at film formation becomes low. It is expected that 
when hydrogen bonded with silicon is released, unpaired bonds are produced, and the 

20 tensile stress is strengthened by the interaction (attractive force) of the unpaired bonds. 
Like this, it was also possible to change the internal stress by decreasmg the h\drogen 
content in the film. 

Like this, by controlling the film formation rate, by applying the heat ireaimcni at 
a temperature higher than a substrate temperature of film formation, or by controM mg film 
25 formation conditions, it was possible to control the internal stress. As is well knov^n, a 
TFT is completed by repeating thm film formation and an etching process, and the 
important point here was the control of process temperature over ail the fabricaimg steps. 
It was sufficient if the highest temperature of the process was determined in vievw o\ the 
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internal stresses of thin films to be laminated. 

A semiconductor device of the present invention comprises an active layer of an 
island-like semiconductor film formed over a substrate; a first insulating layer provided 
at a substrate side of the active layer and including a first silicon nitride oxide film 
5 having a nitrogen content higher than an oxygen content and a second silicon nitride 
oxide film having a nitrogen content lower than an oxygen content; and a second 
insulating layer provided to be in contact with a surface of the active layer at a side 
opposite to the substrate side and including a plurality of third silicon nitride oxide films 
each having a nitrogen content lower than an oxygen content. 

10 In the semiconductor device of the present invention, the active layer has tensile 

stress, the first silicon nitride oxide film of the first insulating layer in which the nitrogen 
content is higher than the oxygen content has tensile stress, and each of the plurality of 
third silicon nitride oxide films of the second insulating layer in which the nitrogen 
content is lower than the oxygen content has compressive stress. It is desirable that a 

15 difference in absolute values of the tensile stresses between the first insulating layer and 
the semiconductor layer, or a difference in absolute values between the compressive stress 
of the second msulating layer and the tensile stress of the semiconductor layer is within 
5 X 10* Pa. 

Besides, in the semiconductor device of the present invention, the nitrogen content 
20 of the first silicon nitride oxide film in which the nitrogen content is higher than the 
oxygen content is not less than 25 atomic % and less than 50 atomic %, and the nitrogen 
content of each of the plurality of third silicon nitride oxide films in which the nitrogen 
content is lower than the oxygen content is not less than 5 atomic % and less than 25 
atomic %. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. lA to IC are sectional views of TFTs of Embodiment Mode 1. 
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Figs. 2A to 2D are sectional views of TFTs of Embodiment Mode 2. 

Figs. 3A and 3B are views for explaining the definition of internal stress of a 
conventional thin film. 

Figs. 4A and 4B are views for explaining the concept of a stress balance of the 
5 present invention. 

Figs. 5A to 5€ are sectional views showing fabricating steps of a TFT of 
Embodiment 1. 

Figs. 6A to 6D are sectional views showing fabricating steps of the TFT of 
Embodiment 1. 

10 Figs. 7A to 7D are sectional views showing fabricating steps of the TFT of 

Embodiment 1. 

Figs. 8A to 8C are a top view, a sectional view, and a circuit diagram of a CMOS 
circuit, respectively, of Embodiment 2. 

Figs. 9A to 9E are sectional views showing fabricating steps of a TFT of 
15 Embodiment 3. 

Figs. lOA to IOC are sectional views showing fabricating steps of the TFT and a top 
view of a CMOS circuit of Embodiment 3. 

Figs. IIA to lie are sectional views showing fabricating steps of an active matrix 
substrate of Embodiment 4. 
20 Figs. 12A to 12C are sectional views showing fabricating steps of the active matrix 

substrate of Embodiment 4. 

Figs. 13 A and 13B are sectional views of the active matrix substrate of Embodiment 

4. 

Figs. 14A and 14B are sectional views of an active matrix type liquid crystal display 
25 device of Embodiment 5. 

Fig. 15 is a perspective view of.an active matrix substrate of Embodiment 5. 
Figs. 16A and 16B are a top view of a pixel portion and a top view of a CMOS 
circuit, respectively, of Embodiment 5. 
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Fig. 17 is a characteristic view of internal stress of a silicon nitride film of the 
present invention. 

Fig. 18 is a characteristic view of internal stress of a silicon nitride oxide film of the 
present invention. 

5 Fig. 19 is a characteristic view of internal stress of a silicon nitride oxide film of the 

present invention. 

Fig. 20 is a characteristic view for explaining the change of hydrogen content in 
silicon nitride oxide films by heat treatment of the present invention. 

Figs. 21A to 21C are views for explaining Embodiment 6 of the present 
10 invention. 

Figs. 22A to 22E are views for explaining Embodiment 6 of the present 
invention. 

Figs. 23A to 23E are views for explaining Embodiment 6 of the present 
invention. 

15 Figs. 24A to 24D are views for explaining Embodiment 6 of the present 

invention. 

Figs. 25A to 2SF are views showing examples of semiconductor devices of 
Embodiment 7. 

Fig. 26 is a view showing an example of light transmittance characteristics of an 
20 antiferroelectric mixed liquid crystal of Embodiment 8. 

Figs. 27A and 27B are a top view and a sectional view showing a structure of an EL 
display device of Embodiment 10. 

Figs. 28A and 28B are sectional views of pixel portions of EL display devices of 
Embodiments 10 and 11, respectively. 
25 Figs. 29A and 29B are a top view and a circuit diagram of a pixel portion of an EL 
display device of Embodiment 10. 

Figs. 30 A to 30C are circuit diagrams showing examples of pixel portions of EL 
display devices of Embodiment 12. 
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Fig. 31 is a view showing an example of a semiconductor device of Embodiment 

9. 

Figs. 32A to 32C are views stiowing examples of semiconductor devices of 
Embodiment 7. 

5 Figs. 33A to 33D are views showing examples of semiconductor devices of 

Embodiment 7. 

DETAILED DESCRIPTION OF THE INVENTION 

[Embodiment Mode 1] 

A first embodiment mode for carrying out the invention will be described with 

10 reference to Figs. lA to IC. In Figs. lA to IC, a first insulating layer 102 is formed on 
a substrate 101 having an insulating surface. The first insulating layer 102 is formed of 
a nitrogen-rich silicon nitride oxide film 102a having a nitrogen content of not less than 
25 atomic % and less than SO atomic % and a silicon nitride oxide film 102b having a 
nitrogen content of not less than 5 atomic % and less than 25 atomic % in this order from 

15 the substrate. The nitrogen-rich silicon nitride oxide film 102a has a tensile stress of 5 x 
10* Pa to 2 X lO^a. The silicon nitride oxide film 102b is a film having a compressive 
stress of not higher than -5 x 10* Pa, and is provided between the nitrogen-rich silicon 
nitride oxide film 102a and an active layer 103 so as to slightly relieve the action of 
stress. 

20 The active layer 103 is a crystalline semiconductor film fabricated from an 

amorphous semiconductor film by a method such as a laser annealing method or a thermal 
annealing method, and has inevitably tensile stress without limitations to a particular 
fabricating method. As the need arises, a channel formation region 103a, LDD regions 
103b, a source region 103c, and a drain region 103d are provided. Contact holes are 

25 provided in part of a second insulating layer 104 so that a source electrode 106 and a 
drain electrode 107 are provided. 
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Although a second insulating layer 104 is laminated on the active layer 103, in the 
case of top gate type TFTs as shown in Figs. lA to IC, a gate insulating film 104a is first 
provided, which is formed of a silicon nitride oxide film having a nitrogen content of not 
less than 5 atomic % and less than 25 atomic %. A gate electrode is provided thereon at 

5 a predetermined position. 

In Fig. lA, a silicon nitride film 104b and a silicon oxide film 104c are formed 
thereon. The silicon nitride film 104b was formed while controlling the film formation 
rate, so that the compressive stress was given. The compressive stress of this film 104b 
was within the range of -2 x 10® to 1 x 10' Pa. 

10 Fig. IB shows a structure in which a silicon oxide film 104d and a silicon nitride 

film 104e are formed on the gate msulating film 104a. The silicon oxide film 104d has 
a stress of 5 x 10' Pa or less, and compressive stress may be applied by the silicon nitride 
film 104e formed thereon. 

Fig. IC shows a structure in which a silicon nitride film 104f, a silicon oxide film 

15 104g, a silicon nitride film 104h, and a silicon nitride oxide film 104i are formed on the 
gate insulating film 104a. The silicon nitride fikns 104f and 104h, and the silicon nitride 
oxide film 104i having a nitrogen content of not less than 5 atomic % and less than 25 
atomic % have compressive stress. By providing the films having the compressive stress 
on the source electrode 106 and the drain electrode 107, it was possible to more 

20 effectively give the stress to the active layer 103. 

[Embodiment Mode 2] 

A second embodiment mode for carrying out the invention will be described with 
reference to Figs. 2A to 2D. In Figs. 2A to 2D, a first msulating layer 202 is formed on 
a substrate 201 having an insulating surface. Similarly to Embodiment Mode 1, a 
25 nitrogen-rich silicon nitride oxide film 202a having a nitrogen content of not less than 25 
atomic % and less than 50 atomic %, and a silicon nitride oxide film 202b having a 
nitrogen content of not less than 5 atomic % and less than 25 atomic % are provided. The 
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nitrogen-rich silicon nitride oxide film 202a has tensile stress. An active layer 203 is a 
crystalline semiconductor film fabricated from an amorphous semiconductor film by a 
method such as a laser annealing method or a thermal annealing method, and as the need 
arises, a channel formation region 203a, LDD regions 203b, a source region 203c, and 
5 a drain region 203d are provided. Contact holes are provided in part of a second 
insulating layer 204 so that a source electrode 206 and a drain electrode 207 are provided. 
Although the second insulating layer 204 is laminated on the active layer 203, in the case 
of top gate type TFTs as shown in Figs. 2A to 2D, a gate insulating film 204a is first 
provided, which is formed of a silicon nitride oxide film having a nitrogen content of not 

10 less than 5 atomic % and less than 25 atomic %. A gate electrode is provided thereon at 
a predetermined position. 

Fig. 2A shows a structure m which a silicon oxide film 204b and a silicon nitride 
oxide film 204c are formed on the gate insulating film 204a. The nitrogen content of the 
silicon nitride oxide film 204c was made not less than S atomic % and less than 25 atomic 

15 %, so that compressive stress was generated. Thus, such a structure is made that the stress 
is applied to the active layer 203 from the nitrogen-rich silicon nitride oxide film 202a 
and the silicon nitride oxide film 204c. Here, the film having the compressive stress was 
provided on the source electrode 206 and the drain electrode 207, so that it was possible 
to more effectively give the stress to the active layer 203. 

20 Fig. 2B shows a structure in which a silicon nitride oxide film 204d, a silicon oxide 

film 204e, and a silicon nitride oxide film 204f are provided on the gate insulating film 
204a. Then, such a structure is made that stress is applied to the active layer 203 from the 
nitrogen-rich silicon nitride oxide film 202a and the silicon nitride oxide films 204d and 
204f. 

25 Fig. 2C shows a structure in which a silicon oxide film 204g, a silicon nitride oxide 

film 204h having compressive stress, and a silicon nitride oxide film 204i are provided 
on the gate insulating film 204a. Fig. 2D shows a structure in which a silicon oxide film 
204j, a silicon nitride oxide film 204k, and a silicon nitride oxide film 2041 are 
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provided. 

In order to change the internal stress from the tensile stress to the compressive stress 
by controlling the composition ratio of the nitrogen content and the oxygen content of the 
silicon nitride oxide film, it was sufficient if the mixture ratio of gases of SiH4, N2O, and 
5 NH3 used for film formation was changed, which was easily performed. In the case where 
the silicon nitride oxide film having an internal stress of 5 x 10^ Pa or more in absolute 
value was provided, it was appropriate that the film was not formed to be in contact with 
the active layer 203, but was provided through a film having a low stress, such as a 
silicon oxide film. 

10 [Embodiment 1] 

This embodiment will be described with reference to Figs. 5 A to 7D as an example 
of a bottom gate type TFT. First, a glass substrate, for example, a #1737 substrate of 
Coming Inc. was prepared as a substrate 601. A gate electrode 602 was formed on the 
substrate 601. Here, a tantalum (Ta) film was formed to a thickness of 200 nm by using 

15 a sputtering method. The gate electrode 602 may be a two-layer structure of a tantalum 
nitride film (film thickness of 50 nm) and a Ta film (film thickness of 250 nm). The Ta 
film was formed by a sputtering method using an Ar gas while Ta was used as a target, 
and when sputtering was made with a mixture gas of the Ar gas added with a Xe gas, it 
was possible to make an absolute value of an internal stress 2 x 10^ Pa or less (Fig. 

20 5A). 

Then, a first msulating layer 603 and an amorphous semiconductor layer 604 were 
continuously formed without opening to the air. The first insulating layer 603 was formed 
of a nitrogen-rich silicon nitride oxide film 603a (film thickness of 50 nm) and a silicon 
nitride oxide film 603b (film thickness of 125 nm). The nitrogen-rich silicon nitride oxide 
25 film 603a was formed by plasma CVD method from a mixture gas of SiH4, N2O and NH3. 
The amorphous semiconductor layer 604 was also formed to a thickness of 20 to 100 nm, 
preferably 40 to 75 nm by using the plasma CVD method (Fig. 5B). 
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Then, a heat treatment at 450 to SSO^'C for 1 hour was carried out. By this heat 
treatment, hydrogen was released from the first insulating layer 603 and the amorphous 
semiconductor layer 604, so that it was possible to give tensile stress. Thereafter, a 
crystallizing step was carried out for the amorphous semiconductor layer 604, so that a 

5 crystalline semiconductor layer 605 was formed. In the crystallizing step here, a laser 
annealing method or a thermal annealing method may be used. In the laser annealing 
method, for example, KrF excimer laser light (wavelength 248 nm) was used, a linear 
beam was formed, and crystallization of the amorphous semiconductor layer was carried 
out under the conditions that an oscillation pulse frequency was 30 Hz, a laser energy 

10 density was 100 to 500 mJ/cm^, and an overlap rate of the linear beam was 96%. Here, 
as the amorphous semiconductor layer was crystallized, volume shrinkage occurred, and 
the tensile stress of the formed crystalline semiconductor layer was increased (Fig. 
5C). 

Next, an insulating film 606 was formed to be in contact with the thus formed 
15 crystalline semiconductor layer 605. Here, a silicon nitride oxide film was formed to a 
thickness of 200 nm. Thereafter, by a patterning method using exposure from a rear 
surface, a resist mask 607 was formed to be in contact with the insulating film 606. Here, 
the gate electrode 602 became a ma$k, so that the resist mask 607 was formed in a self- 
aligning manner. As shown in the drawing, the size of the resist mask became slightly 
20 smaller than the width of the gate electrode since light went around (Fig. 5D). 

The insulating film 606 was etched by using the resist mask 607, and after a channel 
protecting film 608 was formed, the resist mask 607 was removed. By this step, the 
surface of the crystalline semiconductor layer 605 except a region being in contact with 
the channel protecting film 608 was exposed. This channel protecting film 608 functioned 
25 to prevent addition of an impurity into a channel region in a subsequent impurity add ition 
step (Fig. 5E). 

Next, a resist mask 609 covering a part of an n-channel TFT and a p-channel TFT 
was formed by patterning using a photomask, and a step of adding an impurity element 
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to give an n-type was carried out to the region where the surface of the crystalline 
senuconductorlayer605wasexposed.TTien,afirstimpurityregion(n*-typereg 

was formed. In this embodiment, since phosphorus was used as the impurity element to 
give then-type, phosphine(PH3)was used inaniondopingmethod, and thedose amount 

5 was made 5 x 10^ atoms/cm^ and the acceleration voltage was made 10 keV. Th. pattern 
of the resist mask 609 was suitably set by an operator, so that the width of the n-type 
region was determined, and it was possible to easily obtain an n -type region having a 
desired width and a channel formation region (Fig. 6A). 

After the resist mask 609 was removed, a second insulating film 61 1 was formed. 

10 Here,asUiconnitrideoxidefilm(filmthicknessof50nm)havinganitrogencontentof 
notlessthanSatomicToandlessthan 25 atomic%andhavingcompressivestress, which 

was Shown m the embodiment 1, was formed by a plasma CVD method. The sUicon 
nitride oxide film had the compressive stress (Fig. 6B). 

Next, a step of adding an impurity element to give the n-type was carried out to the 
15 crystallinesemiconductorlayerhavingthesurfaceonwhichthemaskinginsulatingfilm 

611 was provided, so that a second impurity region (n -type region) 612 was formed. 
However, in order to add the impurity through the masking insulating film 61 1 to the 
crystalline semiconductor layer thereunder.it wasnecessary to suitablyset the condition 

in view of the thickness of the masking insulating film611.Here, the dose amoum was 
20 3xl0»atoms/cm\andtheaccelerationvoltagewasmade60kev.msecond.mpuruy 

regions 612 formed in this way functioned as LDD regions (Fig. 6Q. 

Next, a resist mask 614 covering the n-cham.el ITT was formed, and a step of 
adding an impurity element to give a p-type was carried out to a region where the p- 
channel TFT was to be formed. Here, boron (B) was added by an ion doping method 
25 using diborane ( W The dose amount was 4 x 10'^ atoms/cm^ and the acceleration 

voltage was made 30 keV (Fig. 6D). 

Thereafter, after a step of activating the impurity elements by a laser annealing 
o^ethodorathermalamiealing method was carried out,aheat treatment (300 to 500'C. 
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1 hour) was carried out in a hydrogen atmosphere, so that the whole was hydrogenated 
(Fig. 7A). 

Hydrogenating may be carried out by hydrogen produced by making plasma. 
Thereafter, the channel protecting film 608 and the masking insulating film 611 were 
5 selectively removed by a fluoric acid based etching solution, and the crystalline 
semiconductor layer was etched into a desired shape by a well-known patterning 
technique (Fig. 7B). 

Through the foregoing steps, a source region 615, a drain region 616, LDD regions 
617 and 618, and a channel formation region 619 of the n-channel TFT were formed. 

10 Besides, a source region 621, a drain region 622, and a channel formation region 620 of 
the p-channel TFT were formed. Next, a second insulating layer was formed to cover the 
n-channel TFT and the p-channel TFT. In the second insulating layer, an insulating film 
623 made of a silicon oxide film was first formed to a thickness of 1000 nm (Fig. 7C). 
Then, contact holes were formed, and source electrodes 624 and 626, and drain 

15 electrodes 625 and 627 were formed. Further, as a second insulating layer, a silicon 
nitride oxide film 628 was formed on the insulating film 623 made of the silicon oxide 
film to cover the source electrodes 624 and 626, and the drain electrodes 625 and 627. 
The silicon nitride oxide film 628 was made to have a nitrogen content of not less than 
5 atomic % and less than 25 atomic %, and was made to have the compressive stress. 

20 After the state shown in Fig. 7D was obtained, a heat treatment was finally carried out in 
a hydrogen atmosphere, and the whole was hydrogenated, so that the n-channel TFT and 
the p-channel TFT were completed. It was also possible to realize the hydrogenating step 
by exposing the whole to a hydrogen atmosphere of plasma. 

[Embodiment 2] 

25 An example of a semiconductor device including an n-channel TFT and a p-channel 

TFT using the fabricating steps of Embodiment 1 will be described with reference to Figs. 
8A to 8C. Figs. 8A to 8C show an inverter circuit as a basic structure of a CMOS circuit. 
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By combining such an inverter circuit, it is possible to construct a basic circuit such as a 
NAND circuit and a NOR circuit, or to construct a further complicated shift register 
circuit, buffer circuit, and the like. Fig. 8A is a view corresponding to a top view of a 
CMOS circuit, and Fig. 8B is a sectional structural view taken along dotted line A- A* in 
5 Fig. 8A. 

In Fig. SB, both the n-channel TFT and the p-channel TFT are formed on the same 
substrate. In the p-channel TFT, a gate electrode 902 is formed, and a nitrogen-rich 
silicon nitride oxide film 903 having tensile stress and a silicon nitride oxide film 904 are 
provided as a first insulating layer thereon. An active layer made of a crystalline 

10 semiconductor film is formed to be in contact with the first insulating layer, and a p*- 
region 912 (drain region), a p*-region 915 (source region), and a channel formation 
region 914 are provided. A second insulating layer is provided to be in contact with this 
semiconductor layer, and here, a silicon oxide film 917 and a silicon nitride oxide film 
919 are formed. A source electrode 920 and a drain electrode 918 are formed through 

15 contact holes provided in the silicon oxide film. On the other hand, in an active layer of 
the n-channel TFT, an n*-type region 905 (source region), an n*-type region 911 (drain 
region), a channel formation region 909, and an n'-type region between the n*-type region 
and the channel formation region are provided. Similarly, contact holes are formed in the 
silicon oxide film 917 as an interiayer insulating film, and a source electrode 916 and a 

20 drain electrode 918 are provided. 

Such a CMOS circuit can be applied to a peripheral driver circuit of an active matrix 
type liquid crystal display device, a driver circuit for an EL (Electro luminescence) type 
display device, a reading circuit of a contact-type image sensor, and the like. 

[Embodiment 3] 

25 This embodiment will be described with reference to Figs. 9A to 9E and Figs, lOA 

to IOC. Here, a description will be made on an example in which an n-channel TFT and 
a p-channel TFT are fabricated on the same substrate, and an inverter circuit as a basic 
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structure of a CMOS circuit is formed. In Fig. 9A, a first insulating layer is formed on a 
substrate 701 having an insulating surface. Here, a nitrogen-rich silicon nitride oxide film 
702 having a nitrogen content of not less than 25 atomic % and less than 50 atomic % 
was formed to a thickness of 20 to 100 nm, typically a thickness of 50 nm, and a silicon 
5 nitride oxide film 703 having a nitrogen content of not less than 5 atomic % and less than 
25 atomic % was formed to a thickness of 50 to 500 nm, typically 150 to 200 nm. The 
nitrogen-rich silicon nitride oxide film 702 has tensile stress. A second island-like 
semiconductor film 704, a first island-like semiconductor film 705, and a gate insulating 
film 706 were formed. The gate insulating 706 was formed of a silicon nitride oxide film. 
10 The island-like semiconductor films were formed by separating a crystalline 
semiconductor film, which was formed from an amorphous semiconductor film by a 
method such as a laser annealing method or a thermal annealmg method, by a well-known 
technique (Fig. 9A). 

As a semiconductor material which can be applied here, silicon (Si), germanium 
15 (Ge), silicon germanium alloy, and silicon carbide can be enumerated. In addition, a 
compound semiconductor material such as gallium arsenide may be used. The 
semiconductor film is formed to a thickness of 10 to 100 nm, typically 50 nm. Hydrogen 
is contained in an amorphous semiconductor film formed by a plasma CVD method at a 
rate of 10 to 40 atomic %. Although the amorphous semiconductor film has arbitrary 
20 internal stress from compressive stress to tensile stress by fabricating conditions, when 
a step of heat treatment at 400 to 500°C was carried out prior to a step of crystallization 
to remove hydrogen from the film, the internal stress was almost changed to the tensile 
stress. 

Then, resist masks 707 and 708 covering the second island-like semiconductor film 
25 704 and the channel formation region of the first island-like semiconductor film 705 were 
formed. At this time, a resist mask 709 may also be formed on a region where a wiring 
is formed. Then, a step of forming a second impurity region was carried out by adding an 
impurity element to give an n-type. Here, phosphorus (P) was added by an ion doping 
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method using phosphine (PH3). In this step, for the purpose of adding phosphorus 
throughthegateinsulatingmm706totheisland-likesemiconductorlayerthereunder,^ 

acceleration voltage was set as high as 80 keV. It is preferable that the concentration of 
phosphorus added to the island-like semiconductor layer is within the range of 1 x 10'* 
5 to 1 X 10- atoms/cm\ and here, it was made 1 x 10'« atomsW. Then, regions 710 and 
711 where phosphorus was added into the semiconductor layer were formed. Part of the 
regions functioned as LDD regions (Fig. 9B). 

mn, a conductive layer 712 was formed on the surface of the gate insulating film 
706. The conductive layer 712 is formed using a conductive material containing an 
10 element selected from Ta, Ti, Mo, and W as its main ingredient. It is appropriate that the 
thickness of the conductive layer 712 is 100 to 500 nm. preferably 150 to 400 nm. The 
thin film of Ta, Ti, W. Mo, or the like fabricated by a sputtering method had a high 
compressive stress. However, it was possible to effectively decrease the stress by adding 
an Xe gas in addition to an Ar gas at the time of fihn formation by sputtering (Fig. 

15 9C). 

Next, resist masks 713 to 716 were formed. The resist mask 713 is for formmg a 
gate electrode of the pK:hamiel TFT, and the resist masks 715 and 716 are for forming a 
gate wiring and a gate bus line. THe resist mask 714 was formed to cover the whole 
surface of the first island-like semiconductor film 705, and was provided to be made a 
20 mask to prevent addition of an impurity in a next step. An unnecessary portion of the 
conductive layer 712 was removed by a dry etching method, so that a secor^d gate 
electrode717,agate wiring 719,agatebusline720were formed. Here, in the case where 

a residual after etching remained, it was appropriate that an ashing process was carried 
out. WhUe the resist masks 713 to 716 were made to remain as they were, an impurity 
25 elementtogiveap-typewasaddedtoapartofthesecondisland-likesemiconductorfilm 

704 where the p-channel TFT was formed, so that a third impurity region was formed. 
Here, boron was used as the impurity element and was added by an ion doping method 
using diborane (B,H,). Also in this step, the acceleration voltage was made 80 keV. and 
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boron was added at a concentration of 2 x 10^° atoms/cra^ As shown in Fig. 9D, third 
impurity regions 721 and 722 where boron was added at a high concentration were 
formed. 

After the resist masks provided in Fig. 9D were removed, resist masks 723 to 725 
5 were again formed. These are for forming a gate electrode of the n-channei TFT, and a 
first gate electrode 726 was formed by a dry etching method. At this time, the first gate 
electrode 726 was formed to overlap with part of the second impurity regions 710 and 
711 through the gate insulatmg film (Fig. 9E). 

Next, resist masks 729 to 731 were formed. The resist mask 730 was formed to 

10 cover the first gate electrode 726 and into such a shape that it overlapped with part of the 
second impurity regions 710 and 711. This is for determining an offset amount of LDD 
regions. Then, a step of forming a first impurity region was carried out by adding an 
impurity element to give an n-type, so that a first impurity region 732 which became a 
source region and a first impurity region 733 which became a drain region were formed. 

15 Also in this step, for the purpose of adding phosphorus through the second insulating 
layer 706 to the semiconductor layer thereunder, the acceleration voltage was set as high 
as 80 keV. The concentration of phosphorus in this region is high as compared with the 
step of adding the first impurity element to give the n-type, and it is preferable that the 
concentration is made 1 x 10^' to 1 x 10^^ atoms/cm^ and here, it was made 1 x 10^° 

20 atoms/cm^ (Fig. lOA). 

Then, a silicon oxide film 734 with a thickness of 1000 nm was formed on the 
surfaces of the gate insulating film 706, the first and second gate electrodes 726 and 7 1 7, 
a gate wiring 727, and a gate bus line 728. Thereafter, a heat treatment was earned out. 
It was necessary to carry out this treatment in order to activate the impurity elements 

25 added at each concentration and to give the n-type or p-type. This step may be carried out 
by a thermal annealing method using an electric heating furnace, the foregoing laser 
annealing method using an excimer laser, or a rapid thermal annealing method < RTA 
method) using a halogen lamp. However, in the laser annealing method, although 
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activation can be made at a low substrate heating temperature, it is difficult to make 
activation to a region concealed under the gate electrode. Here, the activation was made 
by the thermal annealing method. The heat treatment was carried out in a nitrogen 
atmosphere at 300 to 600*C, preferably 350 to 550*^0, here, 450*'C for 2 hours. In this 

5 heat treatment, hydrogen of 3 to 90 % may be added in the nitrogen atmosphere. Further, 
it is appropriate that after the heat treatment, a step of hydrogenating process is carried 
out in a hydrogen atmosphere of 3 to 100 % at 150 to 500^*0, preferably 300 to 450X 
for 2 to 12 hours. The hydrogenating process may be carried out by hydrogen produced 
by making plasma at a substrate temperature of 150 to 500 ''C, preferably 200 to 450''C. 

10 In ail events, hydrogen compensated defects remaining in the semiconductor layer or its 
interface, so that it was possible to improve the characteristics of the TFT. 

After a predetermined resist mask was formed, the silicon oxide film 734 was 
subjected to an etching process so that contact holes reaching a source region and a drain 
region of each TFT were formed. Then, source electrodes 736 and 737 and a drain 

15 electrode 738 were formed. Although not shown, in this embodiment, the respective 
electrodes were used as a three-layer electrode in which a Ti film having a thickness of 
100 nm, an Al film containing Ti and having a thickness of 300 nm, and a Ti film having 
a thickness of 150 nm were continuously formed by a sputtering method. Further, a 
silicon nitride oxide film 735 having a nitrogen content of from 5 atomic % to 25 atomic 

20 % was formed on all surfaces thereof. This film had compressive stress. When a second 
hydrogenating process was carried out in this state, it was possible to further improve the 
characteristics of the TFT. Also in this step, it was appropriate that a heat treatment at 300 
to 450''C, preferably 300 to 350''C for 1 to 6 hours was carried out in a hydrogen 
atmosphere of 1 to 5 %. Alternatively, it was possible to make hydrogenating by exposing 

25 the whole to hydrogen produced by making plasma. 

Through the steps described above, the first insulating layer was composed of the 
nitrogen-rich silicon nitride oxide film 702 having the tensile stress and the silicon nitride 
oxide film 703, and the second insulating layer was composed of the gate insulating film 
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706 made of the silicon nitride oxide film, the silicon oxide film 734, and the silicon 
nitride oxide film 735. The p-channel TFT was formed in a self-aligning manner, and the 
n-channel TFT was formed in a nonself-aligning manner. 

A channel formation region 742, first impurity regions 745 and 746, and second 
5 impurity regions 743 and 744 were formed in the n-channel TFT of the CMOS circuit. 
Here, in the second impurity regions, regions (GOLD (gate overlapped drain) regions) 
743a and 744a overlapping with the gate electrode, and regions (LDD regions) 743b and 
744b not overlapping with the gate electrode were formed, respectively. The first impurity 
region 745 became a source region, and the first impurity region 746 became a drain 

10 region. On the other hand, in the p-channel TFT, a channel formation region 739, and 
third impurity regions 740 and 741 were formed. The third impurity region 740 became 
a source region, and the third impurity region 741 became a drain region (Fig. lOB). 

Fig. IOC is a top view showing an mverter circuit. An A- A sectional structure of 
a TFT portion, a B-B' sectional structure of a gate wiring portion, and a C-C sectional 

15 structure of a gate bus line portion correspond to Fig. lOB. In the present invention, the 
gate electrode, the gate wiring, and the gate bus line are formed of the first conductive 
layer. In Figs. 9A to 9E and Figs. lOA to IOC, although the CMOS circuit formed by 
complementarily combining the n-channel TFT and the p-channel TFT is shown as an 
example, the present invention can also be applied to an NMOS circuit using an n- 

20 channel TFT, a pixel portion of a liquid crystal display device, an EL display device, a 
reading circuit of an image sensor, and the like. 

[Embodiment 4] 

In this embodiment, a method of fabricating an active matrix substrate in which a 
pixel portion (pixel matrix circuit) and a CMOS circuit as a base of a driver circuit 
25 provided at its periphery are formed at the same time will be described with reference to 
Figs. IIA to 13B. 

First, as a first insulating layer, a nitrogen-rich first silicon nitride oxide film 1 102a 
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was formed to a thickness of 50 to 500 nm, typically 100 nm on a substrate 1101, and 
further, a second silicon nitride oxide film 1 102b was formed to a thickness of 100 to 500 
nm, typically 200 nm. The nitrogen content of the nitrogen-rich Hrst silicon nitride oxide 
film 1 102a was made not less than 25 atomic % and less than 50 atomic %. The nitrogen- 
5 rich first silicon nitride oxide film 1102a was formed of SiH4, N2O and NH3, and as 
shown in Fig. 19, the film had tensile stress. The internal stress was kept even to a heating 
treatment attendant on a crystallizing step or a gettering step. Further, island-like 
crystalline semiconductor films 1103, 1104 and 1105, and a gate insulating film 1106 
were formed. The island-like crystalline semiconductor films were formed in such a 

10 manner that a crystalline semiconductor film was formed from an amorphous 
semiconductor film by a crystallizing method using a catalytic element, and this film was 
processed and separated into island-like regions. The gate insulating film 1106 was a 
silicon nitride oxide film formed from SiH4 and NjO, and had compressive stress. Here, 
the film was formed to a thickness of 10 to 200 nm, preferably 50 to 150 nm (Fig. 

15 llA). 

Next, resist masks 1 107 to 1 1 1 1 were formed to cover the island-like semiconductor 
film 1 103, and channel formation regions of the island-like semiconductor films 1 1 04 and 
1105. At this time, the resist mask 1109 may be formed in a region where a wiring is 
formed. Then, an impurity element to give an n-type was added so that second impurity 

20 regions were formed. Here, phosphorus (P) was added by an ion dopmg method using 
phosphine (PH3). In this step, for the purpose of adding phosphorus through the gate 
insulating film 1106 to the island-like semiconductor film thereunder, the acceleration 
voltage was set 65 keV. It is preferable that the concentration of phosphorus added to the 
island-like semiconductor is within the range of 1 x 10'* to 1 x 10^' atoms/cm\ and here, 

25 it was made 1 x 10'^ atoms/cm^. Then, regions 1112 to 1116 where phosphorus was 
added were formed. Part of the regions are made the second impurity regions functioning 
as LDD regions (Fig. IIB). 

Thereafter, the resist masks were removed and a conductive layer 1117 was formed 
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on the whole surface. The conductive layer 11 17 is formed by using a conductive material 
containing an element selected from Ta, Ti, Mo, and W as its main ingredient. It is 
appropriate that the thickness of the conductive layer 1 1 17 is 100 to 1000 nm, preferably 
150 to 400 nm. Here, the film was formed of Ta by a sputtering method using a mixture 
5 gas of At and Xe (Fig. 1 IC). 

Next, a gate electrode of a p-channel TFT, gate wirings of a CMOS circuit and a 
pixel portion, and gate bus lines were formed. Since a gate electrode of an n-channel TFT 
was formed in a subsequent step, resist masks 1119 and 1123 were formed so that the 
conductive layer 1117 remained on the whole surface over the island- like semiconductor 

10 film 1104. Unnecessary portions of the conductive layer 1117 were removed by a dry 
etching method. Etching of Ta was carried out by a mixture gas of CF4 and Oj. Then, a 
gate electrode 1124, gate wirings 1126 and 1128, and a gate bus line 1127 were formed. 
Then, a step of adding a third impurity element to give a p-type was carried out to part of 
the island-like semiconductor film 1103 where the p-channel TFT was to be formed, 

15 while the resist masks 1 1 18 to 1 123 were made to remain as they were. Here, boron was 
used as the impurity element and was added by an ion doping method using diborane 
(BjHg). Also in this step, the acceleration voltage was made 80 ke V, and boron was added 
at a concentration of 2 x 10^° atoms/cm^ As shown in Fig. 12 A, third impurity regions 
1130 and 1131 where boron was added at the high concentration were formed. 

20 After the resist masks provided in Fig. 12A were removed, resist masks 1 124 to 
1130 were newly formed. These were for forming gate electrodes of n-channel TFTs, and 
gate electrodes 1131 to 1133 were formed by a dry etching method. At this time, the gate 
electrodes 1131 to 1133 were formed to overlap with part of the second impurity regions 
1112 to 1116 (Fig. 12B). 

25 Then, new resist masks 1135 to 1141 were formed. The resist masks 1136, 1139, 

and 1140 were formed into such a shape as to cover the gate electrodes 1131 to 1 133 of 
the n-channel TFTs and part of the second impurity regions. Here, the resist masks 1 136, 
1 139 and 1 140 are respectively for determining an offset amount of LDD regions. Then, 
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a step of forming first impurity regions was carried out by adding an impurity element to 
give an n-type. Then, first impurity regions 1 143 and 1 144 which became source regions 
and first impurity regions 1 142, 1 145 and 1 146 which became drain regions were formed. 
Also in this step, phosphorus was added through the gate insulating film 1106 to the 
5 island-like semiconductor film thereunder. The concentration of phosphorus in this region 
is high as compared with the step of adding the first impurity element to give the n-type, 
and it is preferable that the concentration is made 1 x 10*^ to 1 x 10^^ atoms/cm^, and here, 
it was made 1 x 10^^ atoms/cm^. At this time, also in part of the source and drain regions 
of the p-channel TFT, regions 1 180 and 1181 where phosphorus was added were formed. 

10 However, the concentration of phosphorus in this region is about half of the concentration 
of boron, and the conductivity remains the p-type (Fig. 12C). 

After the steps to Fig. 12C were completed, a silicon oxide film 1147 was formed. 
Here, TEOS (Tetraethyl Orthosilicate) was used as a raw material, and the film was 
formed to a thickness of 1000 nm by a plasma CVD method. In this state, a heat treatment 

15 at 400 to 800 °C for a 1 to 24 hours, for example, at 525 "'C for 8 hours was carried out. 
By this step, it was possible to activate the added impurity elements to give the n-type and 
the p-type. Further, the regions 1142 to 1146, 1180 and 1181 where phosphorus was 
added became gettering sites, so that it was possible to segregate the catalytic element 
remaining in the step of crystallization into these regions. As a result, it was possible to 

20 remove the catalytic element from at least channel formation regions. It is appropriate that 
after this heat treatment, a step of hydrogenating process is carried out in a hydrogen 
atmosphere of 3 to 100 % at 150 to 500'' C, preferably 300 to 450''C for 2 to 1 2 hours. 
Alternatively, the hydrogenating process may be carried out with hydrogen produced by 
making plasma at a substrate temperature of 150 to 500'' C, preferably 200 to 450 C. In 

25 all events, hydrogen compensated defects remaining in the semiconductor la>er or its 
interface, so that it was possible to improve the characteristics of the TFT (Fig. 1 3 A). 

Thereafter, the silicon oxide film 1147 was patterned so that contact holes reaching 
a source region and a drain region of each TFT were formed. Then, source electrodes 
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1149 1150 a«d 1151. ™d d«to decttodes 1152 a.d 1153 we,= fonned. Although no. 
shov™, m to «nbodim«>., each of electrodes was used as a .h^e-layer electrode in 
which a Ti film having a thickness of 100 mn, an Al fihn containing Ti and having a 
thickness of 300 nm, and a Ti fflm having a thickness of 150 nm were conflnuot.1, 
5 formed by a sputtering method. When a second hydrogenating process was earned out 
i.,hiss.ate,itwaspossible.ofu,,herimp».vethecharacteris.icsoftheTFT.Alsoin,his 

step it was appropriate that a heat treatment a, 300 to 450-C. preferably 300 to 350X 
for 1 to 6 hours was carried out in a hydrogen atmosphere of 1 to 5 %. Alternatively, .t 
waspossibletocarryouthydrogenatingbyexposingthe whole to hydrogenproducedby 

10 ,„akingplasm^-n.eo.asniconnitrideoxidefilmll48wasformedtoa,hicknessofl00 
to 500 ntn. for e«mple, 300 nm. m siUcon nitride oxide fihn 1148 was formed by a 
plasma CVD method, and was formed from a mixnue gas of SiH., NP and NH, based 
on the data of Fig. 19,so that the nitrogencontenti.thefflmb.came less than 25 atomic 

%, and the film had compressive stress (Fig. 13B). 
,5 TtaoughthestepsasdescribedabovcthefirstinsulatingUyerwascomposedofhe 

nitrogen.richfi,stsiliconnitrideoxldefllmll02ahavingthetensaestressandU,e second 
Silicon nitride oxide film 1102b. and the secomi insulating layer was composed of dre 
g... insulating film 1106 made of the sUicon nitride oxide film, the sUicon oxide film 
1147. and th. SiUcon nitride oxide film 1148. The p-cham,el TFT was formed in a self- 

20 aUgning manner, and the n^hannel TFT was fonned in a nonself-aligning manner. 

Tlroughth.for.g<.ings.eps,achannelfo.mationregio.ll57.firstimpurityreg,ons 

1160 and 1161, second impurity regions 1158 ml 1159 were formed in Ure n^hannel 
TFT of the CMOS circuit. Here, in the second impurity regions, regions (GOLD (gate 
overiapped drain) regions) 1158a and 1159. overiapping with the gate .lect„>de and 
25 regions (LDD region) 1158b and 1159b not „v«lapping with dre gate electrode were 
formed, respecdvely.Thefirstimpurit,r.gionll60b«:ameasourceregion. and the first 

impurity regionlKlbecameadrain region. Inth.p^elTFr..ch»m.Iforma.,on 
^o.ll54,and.hird impurity regionsU55 and U56«e,.fon,Kd.-n.ethi,d impunty 
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region 1155 became a source region, and the third impurity region 1 156 became a drain 
region. The n-channel TFT (pixel TFT) of the pixel portion had a multi-gate structure, 
and channel formation regions 1162 and 1163, first impurity regions 1168, 1169, and 
1145, and second impurity regions 1164 to 1167 were formed. Here, in the second 
5 impurity regions, regions 1164a, 1165a, 1166a and 1167a overlapping with the gate 
electrodes, and regions 1164b, 1165b, 1166b, and 1167b not overlapping with the gate 
electrodes were formed. 

In this way, as shown in Fig. 13B, the active matrix substrate in which the CMOS 
circuit and the pixel portion were formed on the substrate 1 101 was fabricated. At a drain 
10 side of the pixel TFT, a low concentration impurity region 1170 in which an impurity 
element to give an n-type was added at the same concentration as the second impurity 
region, the gate insulating film 1106, and a holding capacitance electrode 1171 were 
formed, and holding capacitance provided at the pixel portion was formed at the same 
time. 

15 [Embodiment 5] 

In this embodiment, steps of fabricating an active matrix type liquid crystal display 
device from an active matrix substrate fabricated in Embodiment 4 will be described with 
reference to Figs. 14A and 14B. To the active matrix substrate in the state of Fig. 13B, 
an interlayer insulating film 1401 made of an organic resin was formed to a thickness of 

20 about 1000 nm. As the organic resin, polyimide, acryl, polyimidoamide, etc. may be used. 
As advantages obtained by using the organic resin film, it is possible to enumerate such 
points that a film formation method is simple, parasitic capacitance can be reduced since 
its relative dielectric constant is low, and flatness is superior. An organic resin film other 
than the above may be used. Here, polyimide of such a type that thermal polymerization 

25 was made after coating to the substrate was used, and was fired at 300''C to form the film. 
The internal stress of this organic resin film was about 1 x 10^ Pa, and it did not become 
a serious problem in considering the stress balance as was expected from its absolute 
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value. A contact hole reaching the drain electrode 1153 was formed in the interlayer 
insulating film 1401, and a pixel electrode 1402 was formed. As the pixel electrode 1402, 
it is appropriate that a transparent conductive film is used in the case where a transmission 
type liquid crystal display device is formed, and a metal film is used in the case where a 

5 reflection type liquid crystal display device is formed. Here, for the purpose of making 
the transmission type liquid crystal display device, an indium-tin oxide (ITO) film having 
a thickness of 100 nm was formed by a sputtering method (Fig. 14A) 

Next, as shown in Fig. 14B, an orientation film 1501 was formed on the surfaces 
of the interlayer insulating film 1401 and the pixel electrode 1402. In general, polyimide 

10 resin is often used for an orientation film of a liquid crystal display device. A transparent 
electrode 1503 and an orientation film 1504 were formed on an opposite substrate 1502. 
The orientation film was subjected to a rubbing process after formation so that liquid 
crystal molecules were made to be oriented in parallel and with a certain constant pretilt 
angle. After the foregoing steps, the active matrix substrate on which the pixel portion 

15 and the CMOS circuit were formed and the opposite substrate were bonded to each other 
by a well-known cell assembling step through a sealing material, a spacer (both are not 
shown), and the like. Thereafter, a liquid crystal material 1505 was injected between both 
the substrates, and complete sealing was made by a sealing agent (not shown). Thus, the 
active matrix type liquid crystal display device shown in Fig. 14B was completed. 

20 Next, a structure of an active matrix type liquid crystal display device of this 

embodiment will be described with reference to Figs. 15, 16A, and 16B. Fig. 15 is a 
perspective view of an active matrix substrate of this embodiment. The active matrix 
substrate is composed of a pixel portion 1601, a scanning (gate) line driver circuit 1602, 
and a signal (source) line driver circuit 1603, which are formed on a glass substrate 1101. 

25 A pixel TFT 1600 of the pixel portion is an n-channel TFT, and the driver circuits 
provided at the periphery are constituted by a CMOS circuit as a base. The scanning 
(gate) line driver circuit 1602 and the signal (source) line driver circuit 1603 are 
connected to the pixel portion 1601 through a gate wuing 1703 and a source wiring 1 704, 
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respectively. 

Fig. 16A is a top view of the pixel portion 1601 and is a top view of about one 
pixel. An n-channel pixel TFT is provided in the pixel portion. A gate electrode 1702 
formed to be connected with a gate wiring 1703 intersects through a not-shown gate 
5 insulating film with a semiconductor layer 1701 under the film. Although not shown, a 
source region, a drain region, and a first impurity region are formed in the semiconductor 
layer. At a drain side of the pixel TFT, a holding capacitance 1707 is formed of the 
semiconductor layer, the gate insulating film, and an electrode made of the same material 
as the gate electrode. A sectional structure along line A- A shown in Fig. I6A 

10 corresponds to the sectional view of the pixel portion shown in Fig. 14B. On the other 
hand, in the CMOS circuit shown in Fig. 16B, the gate electrodes 1124 and 1131 
extending from the gate wiring 1126 intersect through a not-shown gate insulating film 
with the semiconductor layers 1103 and 1104 under the film. Although not shown, 
similarly, a source region, a drain region, and LDD regions are formed in the 

IS semiconductor layer of the n-channel TFT. Besides, a source region and a drain region 
are formed in the semiconductor layer of the p-channel TFT. Concerning the positional 
relation, the sectional structure along line B-B' corresponds to the sectional view of the 
CMOS portion shown in Fig. 14B. 

In this embodiment, although the pixel TFT 1600 has a double gate structure, a 

20 single gate structure may be adopted, or a multi-gate structure of a triple gate may be 
adopted. The structure of the active matrix substrate of the present invention is not I imited 
to the structure of this embodiment. Since the present invention is characterized b> the 
structure of a gate electrode and the structure of a source region, a drain region and other 
impurity regions of a semiconductor layer provided through a gate insulating film, other 

25 structures may be suitably determined by an operator. 

[Embodiment 6] 

In this embodiment, a basic method of fabricating a first insulating la>er jnd a 
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semiconductor film as an active layer will be described. In Figs, 21 A to 21C, as a 
substrate 2101, a glass substrate, a ceramic substrate, a quartz substrate, etc. may be used. 
Besides, a silicon substrate or a metal substrate typified by stainless steel, each having a 
surface on which an insulating film such as a silicon oxide film or a silicon nitride film 
5 is formed, may be used. In the case of using a glass substrate, it is desirable to previously 
carry out a heat treatment at a temperature below a distortion point. For example, in a case 
of using a #1737 substrate of Coming Inc., it is appropriate that a heat treatment at 500 
to eSO^C, preferably 595 to 645°C for 1 to 24 hours is carried out in advance. 

A first insulating layer 2102 was formed on the main surface of the substrate 2101. 

10 Here, a silicon nitride oxide film 2102a having tensile stress and a silicon nitride oxide 
film 2102b were formed. Any film may be used for the first insulating layer as long as the 
film has tensile stress, and the first insulating layer may be formed of a layer or plural 
layers selected from a silicon nitride film, a silicon oxide film, a silicon nitride oxide film, 
and a tantalum oxide film other than the former film. These films may be formed by a 

IS well-known plasma CVD method or a sputtering method. In the case of using the silicon 
nitride oxide film, it is appropriate that the film is formed to a thickness of 20 to 100 nm, 
typically 50 nm. A silicon nitride oxide film may be formed to a thickness of 50 to 500 
nm, typically 50 to 200 nm on this silicon nitride film. An amorphous semiconductor 
layer 2103 was formed on the first insulating layer. This may be an amorphous 

20 semiconductor formed by a film growth method such as a plasma CVD method, a low 
pressure CVD method or a sputtering method. As the semiconductor, silicon (Si), 
germanium (Ge), silicon germanium alloy, and silicon carbide can be enumerated, and 
in addition, a compound semiconductor material such as gallium arsenide may be used. 
The semiconductor film was formed to a thickness of 10 to 100 nm, typically 50 nm. The 

25 first insulating layer and the amorphous semiconductor layer 2103 can also be formed 
continuously by a plasma CVD method or a sputtering method. After the respective layers 
are formed, the surfaces do not come to contact with the air, so that the pollution of the 
surfaces can be prevented (Fig. 21 A). 
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Next, a crystallizing step was carried out. The step of crystallizing the amorphous 
semiconductor layer may use a technique of a well-known laser annealing method or a 
thermal annealing method. In all events, as the phase of the semiconductor layer was 
changed from an amorphous state to a crystalline state, densification and volume 
5 contraction occurred, so that tensile stress was generated in the crystalline semiconductor 
layer 2104. Hydrogen at a rate of 10 to 40 atomic % was contained in an amorphous 
semiconductor film fabricated by a plasma CVD method, and it was desirable that a heat 
treatment at 400 to SOO^C was carried out prior to the crystallizing step to remove 
hydrogen from the film so that the hydrogen content was made 5 atomic % or less. When 

10 hydrogen was released, tensile stress was generated consequently (Fig. 21B). 

A second insulating layer 2105 having compressive stress was formed to be in 
contact with the crystalline semiconductor layer 2104. The second insulating layer 2105 
may be formed of a layer or plural layers selected from a silicon nitride film, a silicon 
oxide film, a silicon nitride oxide film, and a tantalum oxide film. It is appropriate that 

15 the thickness of the second insulating layer 2105 is 10 to 1000 nm, preferably 50 to 400 
nm (Fig. 21C). 

It was possible to cause a silicon nitride film, a silicon oxide film, a silicon nitride 
oxide film, and a tantalum oxide film applied to the first insulating layer 2102 and the 
second insulating layer 2105 to have stresses of both states of tensile stress and 

20 compressive stress according to the fabricating condition. For that purpose, it was 
sufficient if a mixture ratio of used gases, a substrate temperature at film formation, a film 
formation rate, and the like were suitably determined. Such fabricating conditions were 
different among individual apparatuses to be used. It was also possible to change a film 
having compressive stress to a film having tensile stress by applying a step of heat 

25 treatment. The crystalline semiconductor layer formed from the amorphous 
semiconductor layer with volume contraction had a tensile stress of 1 x 10* to 1 x lO^Pa. 
To such a crystalline semiconductor layer, it was desirable that a difference in absolute 
values of internal stresses of the first insulating layer and the second insulating layer was 
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made 5 x 10^ Pa or less. As described above, when such a structure was formed that the 
crystalline semiconductor layer 2104 having tensile stress was provided to be in close 
contact with the first insulating layer 2102 having tensile stress and the second insulating 
layer 2105 having compressive stress, and further, the TFT was fabricated by using a 

5 well-known technique so that the crystalline semiconductor layer 2104 became the active 
layer, it was possible to obtain excellent characteristics. At this time, it was preferable that 
the sum of the internal stresses of the laminated crystalline semiconductor layer and the 
insulating layer was made 1 x 10^ Pa or less in absolute value. For example, it was also 
possible to make the field effect mobility of an n-channel TFT 100 cmW»sec or more. 

10 It was also possible to improve the resistance against stress due to heat or voltage 
application. 

Figs. 22A to 22E show another example, in which a nitrogen-rich silicon nitride 
oxide film 2202a having tensile stress and a silicon nitride oxide film 2202b were formed 
as a first insulating layer 2202 on the main surface of a substrate 2201. Similarly to Figs. 

IS 21A to 21C, an amorphous semiconductor layer 2203 was formed on the surface of the 
first insulating layer. The thickness of the amorphous semiconductor layer may be 10 to 
200 nm, preferably 30 to 100 nm. Further, a solution containing a catalytic element of 10 
ppm in terms of weight was applied by a spin coating method, so that a catalytic element 
containing layer 2204 was formed on the whole surface of the amorphous semiconductor 

20 layer 2203. As the catalytic element usable here, in addition to nickel (Ni), an element 
such as germanium (Ge), iron (Fe), palladium (Pd), tin (Sn), lead (Pb), cobalt (Co), 
platinum (Pt), copper (Cu), or gold (Au) may be used. The internal stress of the 
amorphous semiconductor layer was not determined uniquely by fabricating conditions. 
However, when a step of heat treatment at 400 to 600* C was carried out prior to a step 

25 of crystallization to remove hydrogen from the film, tensile stress was generated. At the 
same time, since hydrogen was removed also from the first insulating layer, the tensile 
stress was strengthened as well (Fig. 22A). 

Then, a crystallizing step of carrying out a heat treatment at 500 to 600 °C for 4 to 
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12 hours, for example, at SSO^'C for 8 hours was carried out, so that a crystalline 
semiconductor layer 2205 was formed (Fig. 22B). 

Next, a step of removing the catalytic element used in the crystallizing step from the 
crystalline semiconductor film was carried out. As a method thereof, this embodiment 
5 used a technique disclosed in Japanese Patent Laid-Open No. Hei. 10-247735, No. Hei. 
10-135468, or No. Hei. 10-135469. The technique disclosed in the publications is such 
that a catalytic element is removed by using a gettering function of phosphorus. By this 
gettering step, it was possible to reduce the concentration of the catalytic element in the 
crystalline semiconductor film to 1 x 10" atoms/cm^ or less, preferably 1 x lO*'^ 

10 atoms/cm^ or less. First, a mask insulating film 2206 was formed to a thickness of 150 
nm on the surface of the crystalline semiconductor layer 2205, and an opening portion 
2207 was provided by patterning, so that a region where the crystalline semiconductor 
layer was exposed was provided. Then, a step of adding phosphorus was carried out, so 
that a phosphorus containing region 2208 was provided in the crystalline semiconductor 

15 layer (Fig. 22C). 

In this state, when a heat treatment at 550 to SOO^'C for 5 to 24 hours, for example, 
at SOO^'C for 12 hours was carried out in a nitrogen atmosphere, the phosphorus 
containing region 2208 functioned as a gettering site, so that it was possible to segregate 
the catalytic element remaining in the crystalline silicon layer 2205 into the phosphorus 

20 containing region 2208 (Fig. 22D). 

Then, by carrying out etching to remove the mask insulating film 2206 and the 
phosphorus containing region 2208, it was possible to obtain a crystalline semiconductor 
film in which the concentration of the catalytic element used in the step of crystallization 
was reduced to 1 x 10" atoms/cm^ or less. Then, a second insulating layer 2210 having 

25 compressive stress was formed to be in close contact with the crystalline semiconductor 
layer 2209. The second insulating layer 2210 may be formed of a layer or plural layers 
selected from a silicon nitride film, a silicon oxide film, a silicon nitride oxide film, and 
a tantalum oxide film. It is appropriate that the thickness of the second insulating layer 
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2210 is 10 to 1000 nm, preferably 50 to 400 nm (Fig. 22E). 

As descriW above, when such a structure was formed that the crystalUne 
semiconductor layer 2209 having the tensUe stress was provided «, be in close contact 
with the first msulating layer 2202 having the tensile stress and the second insulating 
5 tayer 2210 having the compressive stress, and then, a TFT including the crystalline 
semiconductor layer 2209 as an active layer was fabricated by using a well-known 
technique, it was possible to obtain exceUent characteristics. At this time, it was 
preferable that thesumof the intemalstressesofthelaminatedcrystallinesemiconductor 

layer and the insuUtinglayer was madelxlO-'Paorless in absolutevalue-Forexample. 
,„ i,wasalsopossiblet„maketheHe.def£ec.mobmtyofann.cha„nelTFr2Mcn,=/V.sec 



or more. 



in Figs. 23A to 23E. a Erst insulating layer 2302 having tensUe stress, which 
comprisestwofflms2302aand2302b.andanamorphouss.micondnctorlayer2303were 

f„nn«l on the main surface of a substrate 2301. Then, a mask insulating film 2304 was 
,5 formed on tb. surface of the amorphous semiconductor layer 2303. At this ,ime, the 
flnckness of the mask insulattng film 2304 was set to 150 nm. Futther. the mask 
insulating Blm2304waspattemedtoselec.ivelyformanopeningpo,tion2305.andthen. 

a solution containing a catalytic element of 10 ppm in t«ms of weight was applied. By 
te. a ca^Uytic element containing Uyer 2306 was formed. The catalyric element 
20 conudntog layer 2306 was in contact with the «norphous semiconductor layer : J03 a. 
only the opening portion 2305 (Fig. 23A). 

Next, a heat treatment at 50O to 650-C for 4 to 24 hours, for example, a. 5-fl C for 
14 hours was carried out. so that a crystalline semiconductor layer 2307 was formed. In 
.he process of this crystaUizaUon. a region of the amorphous semiconductor la>e, w„h 
25 which the catalytic element was in contact was first crystallized, and crystal ...wth 
progressed to the lateral direction therefrom. Tl.. Urns formed crystaUine s.n,condu.lor 
fflm2307 was made of a collecdve of rod-like or needle-like crystals, ».d the ,c^pea■ve 
crystals m^scopically grew with certain direcdonality. Thus, there was an adv .ntage 
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that crystallinity was uniform (Fig. 23B). 

Next. simU«ly to F,gs. 22A to 22E, a step of removtag the catalytic elctnem used 
to the step of crystallization from the crystalline se«a>cond„«or film was carried out. A 
s,^ of adding phosphorus to the substrate to the same state as Fig. 23B was carried ou,, 

5 so tha, a phosphorus contafatog region 2309 was provided to the crystallme 
semicorKiuctor layer. The concentration of phosphorus to Uris region was se, to 1 x 10" 
«, 1 X Itf Vcm' (Fig. 23C). to this state, when a heat treatment a. 550 to SOO'C for 5 to 
24 hours, fo, example, a, 600X for 12 hours was carried ou, to a nitrogen atmosphere, 
A. phosphorus corrtaimng region 2309 functioned as a genering site, so tha. ,t was 

,0 possibletosegregatethecatalyticelerr^ntrematotogtothecrystallmesen^conductorfta 

2307 toto the phosphorus containtog region 2309 (Fig. 23D). 

Then, the mask msulattag film and the phosphorus contatotog region 2309 were 
removed by etchtog, so .hat an island-like crysralltae semiconductor layer 2310 was 
torm«i. A second tasulattog layer 2311 havtog compressive stress was formed to be m 
15 closecon«c.wl.hthecrystaUtoesemico«iuctorUyer2310.Th.sec„ndtosulattoglayer 

2311 was formed of one layer or plural lay«s s.lec»d from a sUicon oxide film and a 
siliconnitrideoxidefilm.Itisappropriate«,a.tbethickoessofthesecoodmsula,inglayer 

2311 U 10 to 100 nm, preferably 50 to 80 nm. Then, a heat treatment was camed out m 
a„a,mosphereconatotoghalog«.(t,picallychlorine)andoxygen. Forexample. the heat 
20 ttcatrr^ntwas c.rri«l ou. a. 950X for 30 mtou.es. IncidentaUy, 1. was appropriate .ha. 
.he processtog temperas... was selected wito U,e range of 700 » UOOX, and U,e 
processtog toe was seleced wi*to .he range of 10 mtou.es «, 8 hours. As a resul., a 
,he.m.loxldaUonfllmwasformeda..heto.erfacebemeen.hec,ys«ntoesemiconduc.or 

Uyer 2310 and fte second tasuladng Uyer 2311. so to. ttte volume of the second 
25 tos„lattoglayer2311wasfur*.rtocreased.and.becompressives«ess».hecrysta,l,ne 

semiconducKt layer was also funhertacreased (Fig. 23E). 

AS described above, when such a sm.cn.re was formed *a. fte cystalltoe 
semiconducu,. layer 2310 havmg the tensUe stress was provided » be to close conuc. 
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wiU. .he te. i-sulattag Uyer 2302 havtag .he .ensile s.ress and .he second insuLanng 
,.,« 2311 having Uk compressive sttess, and then, a TFT including ,he cryslallme 
semiconduaor layer 2310 as an active Uyer was fabricated by using a well-known 
technique, it was possible .o obtain exceUen. characteristics. For ex«nple. it was also 
5 possible u, n«ke the field effe« mobili., of an .-channel TTT 200 cmW-sec or more. 
U,ngs24Ato24D,similarly.oFigs.22AU,22E,af.erafi,s. insulting layer 2402 

andacrystaUine semiconductor layer 2405 are formed, acaulyticelemen. remaining in 
.he crystalline semiconductor layer 2405 can also be getiered m a Uquid phase. For 
example, gettermg can be made by using sulfuric acid as a solution and by dipping the 
10 substrate of the state of Fig. 24B into the sulfuric acid solution heated at 300 » 500"C. 
B, this method, it was possible to remove the catalytic element remaining m .he 
crystalline semiconductor layer 2405. In addition, a nitric acid solution, an aqua regu 
solution, or a tin solution ma, be used. ■n.ereaf.«, an island-like semicond„«or layer 
2409 and a second insulating layer 2410 were formed. 



15 [Embodiment 7] 

,„thisembodiment.semicond»ctordeviceseachincorporatinganacttv.matrixtype 

,i,„idcrysuldisplaydevic=witi,aTFrci,cui.ofthepresentinventi„nwmbedescr,bed 

with to Figs. 25A to 25F, Rgs. 32A to 32C, and Figs. 33A to 33D. 

AS such semiconductor devices, a portable information terminal (an electton.c 
20 .otebook,amoba.computer,apor,abletelephone,«c.)..videocamera,as.illcamera, 
ape,sonalcomp«..r,a..levision,andtf,effl»canbeenumerated.Examplesof.hoseare 

shown in Figs. 25A to 25F and Figs. 32A to 32C. 

Fig 25 A shows a por«ble telephone which is constituted by a main body 9001, an 
audio output portion 9002. an audio input portion 9003, a display device 9004, an 
25 operation switch 9005. and an antenna 9006. The present invention can be apphed >o the 
audio output portion 90O2.ti.. audio input portion 9003, and the display device 9004 
provided with an active matrix substrate. 
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Fig. 25B shows a video camera which is constituted by a main body 9101, a display 
device 9102, an audio input portion 9103, an operation switch 9104. a battery 9105. and 
an image receiving portion 9106. The present invention can be applied to the audio input 
portion 9103, the display device 9102 provided with an active matrix substrate, and the 

5 image receiving portion 9106. 

Fig. 25C shows a mobile computer or a portable information terminal which is 
constituted by a main body 9201, a camera portion 9202, an image receiving portion 
9203 an operation switch 9204, and a display device 9205. The present invention can be 
appUed to the image receiving portion 9203, and the display device 2205 provided with 

10 an active matrix substrate. 

Fig. 25D shows a head mount display which is constituted by a main body 9301, a 
display device 9302, and an arm portion 9303. The present invention can be applied to 
the display device 9302. Although not shown, the present invention can also be used for 

other signal controlling circuits. 
15 Fig. 25E shows a rear type projector which is constituted by a main body 9401, a 
light source 9402, a display device 9403, a polarization beam splitter 9404, reflectors 
9405 and 9406, and a screen 9407. The present invention can be applied to the display 
device 9403. 

Fig. 25F shows an electronic portable book which is constituted by a main body 
20 9501,displaydevices9502and9503,astoragemedium9504,anoperationswitch9505, 

and an antem,a 9506, and is used to display data stored m a mini disk (MD) or DVD, or 
data received by the antenna. The display devices 9502 and 9503 are direct-view display 
devices, and the present invention can be applied to the devices. 

Fig. 32A shows a personal computer which is constimted by a main body 9601, an 

25 image input portion 9602. a display device 9603. and a keyboard 9604. 

Fig. 32Bshowsaplayerusingaiecordingmediumrecordingaprogram (hereinafter 

referred to asa-recordingmedium-), which isconstitutedbyamainbody9701,adisplay 
device 9702, a speaker portion 9703, a recording medium 9704, and an operation switch 
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9705. This apparatus uses a DVD (Digital Versatile Disc), CD, or the like as the 
recording medium, and appreciation of music, appreciation of movie, a game, or the 
Internet can be performed. 

Fig. 32C shows a digital camera which is constituted by a main body 9801, a display 
5 device 9802, an eyepiece portion 9803, an operation switch 9804, and an image receiving 
portion (not shown). 

Fig. 33A shows a front type projector which is constituted by a display device 3601 
and a screen 3602. The present invention can be applied to the display device and other 
signal control circuits. 

10 Fig. 33B shows another rear type projector which is constituted by a main body 

3701, a display device 3702, a mirror 3703, and a screen 3704. The present invention can 
be applied to the display device and other signal control circuits. 

Fig. 33C is a view showing an example of structures of the display devices 3601 and 
3701 in Fig. 33 A and Fig. 33B. Each of the display devices 3601 and 3702 is constituted 

15 by a light source optical system 3801, mirrors 3802, 3804 to 3806, a dichroic minor 3803, 
a prism 3807, a liquid crystal display device 3808, a phase difference plate 3809, and a 
projection optical system 3810. The projection optical system 3810 is constituted by an 
optical system including a projection lens. Although this embodiment shows an example 
of a three-plate system, the invention is not particularly limited to this. For example, a 

20 single plate system may be used. Besides, in a light path indicated by an arrow in Fig. 
33C, an operator may suitably provide an optical system such as an optical lens, a film 
having a polarizing function, a film for adjusting a phase difference, and an IR film. 

Fig. 33D is a view showing an example of a structure of the light source optical 
system 3801 in Fig. 33C. In this embodiment, the light source optical system 3801 is 

25 constituted by a reflector 3811, a light source 3812, lens arrays 3813 and 3814, a 
polarization conversion element 3815, and a condensing lens 3816. The light source 
optical system shown in Fig. 33D is merely an example, and the invention is not 
particularly limited to this. For example, an operator may suitably provide an optical 
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system such as an optical lens, a film having a polarizing function, a film for adjusting 

a phase difference, and an IR film. 

Besides, in addition to the above, the ptesent mvention can also be applied to an 
image sensor or an EL display device. Like this, flte scope of application of the present 
5 invention is extremely wide and the present invention can be applied to electronic 
equipments of any fields. 

[Embodiment 8] 

For the foregoing liquid crystal display device shown in the embodiment 5. various 
Uqdd crystals o«.erthananematicU,uid crystal canbe used. Forexample, it is possible 

10 to use a Uquid crystal disclosed in 1998, SID, -Characteristics and Driving Scheme of 
Polymer^tabilizedMonostableFLCDExhibitingFastResponseTuneandHighContrast 

R.U0 with Grayscale CapabUity- by H.Fu„«etal.;1997,SIDDlGEST,841.-AFuU. 
color Thresholdless Antiferroelectric LCD Exhibidng Wide Viewing Angle with Fas. 
Response Tune" b, T. Yoshid. e, al.; 1996. J. Maer. Chem. 6(4), 671-673, 
15 -n^sholdless antilern^lectridty in liquid crystals and its appUcation to dUplays" by S. 

Inui et al.; or US Patent No. 5394,569. 

Fig. 26 shows electro-optical characteristics of single stable ferroelecnic liquid 
crystal (FLC) in which the ferroelectric liquid crystal (FLC) exhibiting a transition series 
of isometric phase - cholesteric phase - chiral smectic C phase is used, transit.on of 
20 cholest^ic phase - chind smectic C phase U caused whUe applying a DC voluge. and a 
cone edge is made to almost coincide with a nibbing direction. A display mode by the 
ferroelectric liquid crystal as shown in Fig. 26 U caHed a "Half - V-shaped swnching 
mode-. The vertical axis of the graph shown in Fig. 26 indicates tnmsmissiv,t> (m an 
ari,i.rar,unit)and thehori«M.tal axis indicatesappUedvoltagcThedetailsof the -Half. 
25 v.shapedswiu*ingmode-..edescrib«iin-Half.V.shap«iswitchingmodeFLCD by 
Teradaetal.,CoUectionofPrelimina,yPapersfo.46.hAppUedPhy«csConcemed)omt 
Lecnue Meeting, March 1993, p. 1316, and "Tune-dMsion tull-color LCD with 
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ferroelectric liquid crystal" by Yoshihara et al., Liquid Crystal (Ekisho). Vol. 3, No. 3. p. 



190. 



As shown in Fig. 26, it is understood that when such a ferroelectric mixed liquid 
crystal is used, low voltage driving and gradation display become possible. For the liquid 
5 crystal display device of the present invention, it is also possible to use the ferroelectric 
Uquid crystal exhibiting such electro-optical characteristics. 

A liquid crystal exhibiting antiferroelectricity in some temperature range is called 
an antiferroelectric liquid crystal (AFLC). In mixed liquid crystals including the 
antiferroelectric liquid crystal, there isonecalledathresholdless antiferroelectric mixed 

10 Uquid crystal exhibiting electro-optical response characteristics in which transmittance 
is continuously changed with respect to an electric field. Some thresholdless 
antiferroelectric mixed liquid crystal exhibits the so<alled V-shaped electro-optical 
response characteristics, and a liquid crystal in which its driving voltage is about ±2.5 V 
(ceU thickness is about 1 Mm to 2 f^m) has also been found. 

15 In general, the thresholdless antiferroelectric mixed liquid crystal has large 
spontaneous polarization, and the dielectric constant of the liquid crystal itself is high, 
ms, in the casewhere the thresholdless antiferroelectric mixed Uquid crystal is used for 

a liquid crystal display device, it becomes necessary to provide relatively large holding 
capacitance for a pixel. Thus, it is preferable to use the thresholdless antiferroelectric 
20 miked Uquid crystal having small spontaneous polarization. 

Since low voltage driving can be realized by using such a thresholdless 
antiferroelectric mixed liquid crystal for the liquid crystal display device of the present 
invention, low power consumption can be reaUzed. 

[Embodiment 9] 

25 In this embodiment, an example of an active matrix substrate differem in structure 
from the embodiment 4 wiU be described with reference to Fig. 31. First, in accordance 
with the embodiment 4, steps from Fig. IIA to Fig. 12C are carried out. 
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After steps to Fig. 12C were completed, a step of forming first interlayer insulating 
films 3147 and 3148 was carried out. First, the silicon nitride film 3147 was formed to 
a thickness of 50 nm. The silicon nitride film 3 147 was formed by a plasma CVD method, 
and the film formation rate was controlled by changing a high frequency electric power 
5 so that it was possible to give compressive stress. The silicon nitride oxide film 3 148 was 
formed to a thickness of 950 nm from a mixture gas of SiH4 and N2O. 

Then, a step of heat treatment was carried out. The step of heat treatment was 
necessary for activating impurity elements added at each concentration to give the n-type 
or p-type. Here, the step of activation was carried out by a thermal annealing method. The 
10 heat treatment was carried out in a nitrogen atmosphere at 300 to 700 ''C, preferably 350 
to 550X, here, 450''C for 2 hours. 

Thereafter, the first interlayer insulating films 3147 and 3148 were patterned so that 
contact holes reaching a source region and a drain region of each TFT were formed. 
Then, source electrodes 3149, 3150, and 3151, and drain electrodes 3152 and 3153 were 
15 formed. Although not shown, in this embodiment, each of the electrodes was employed 
as a three-layer electrode in which a Ti film having a thickness of 100 nm, an Al film 
containing Ti and having a thickness of 300 nm, and a Ti film having a thickness of 150 
. nm were continuously formed by a sputtering method. 

Through the above steps, a channel formation region 3157, first impurity regions 
20 3160 and 3161, and second impurity regions 3158 and 3159 were formed in the n-channel 
TFT of the CMOS circuit. Here, in the second impurity regions, regions (GOLD regions) 
3158a and 3159a overlapping with the gate electrode and regions (LDD regions) 3158b 
and 3159b not overlapping with the gate electrode were formed, respectively. The first 
impurity region 3160 became a source region, and the first impurity region 3161 became 
25 a drain region. 

In the p-channel TFT, a channel formation region 3154, and third impurity regions 
3155 and 3156 were formed. The third impurity region 3155 became a source region, and 
the third impurity region 3156 became a drain region. 
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The pixel TFT had a multi-gate structure, and channel formation regions 3162 and 
3163. first impurity regions 3168. 3169 and 3145. and second impurity regions 3164 to 
3167 were formed. In the second impurity regions, regions 3164a. 3165a, 3166a. and 
3167aoverlappingwiththegateelectrodes,andregions3164b.3165b,3166b.and3167b 

5 not overlapping with the gate electrodes were formed. 

In this way, as shown in Fig. 31. the active matrix substrate in which the CMOS 
circuit and the pixel portion were formed on the substrate 3101 was fabricated. At the 
drain side of the pixel TFT, a low concentration impurity region 3170 in which an 
unpurity element to give the n-type was added at the same concentration as the second 

10 impurity region, a gate insulating fUm 3106, and a holding capacitance electrode 3171 
were formed, andaholdmg capacitance provided in the pixel portion was formed at the 



same time. 



Asinthisembodiment,byprovidmgth=Uy.rmadeot.h.siUa.nni«i<leffln,mthe 
tottrlayer msulatog Alms, U.e compressive soess can be more effecHvely given. 
,5 However, since ttansmimnce of sl>on wavelenge. ligh. no. longer than 500 nm rs 
lowered to the siUcon nittide fUm, if U,. film is formed «. be excessively .hick, .he 
.ransmittance is lowered a, .he pUel portion, which U no. preferable, "ftus, U,e silicon 
niridemmof.hefi.s.inttrlayerinsulatogfiUnisformed.o.ducki>essof20«.100om, 

preferably 30 to 60 nm. 

20 [Embodiment 10] 

to ftis embodiment a description wiU be made on an example in which an EL 
(elecaoluminescence) display panel (also caUed an EL display device) is fabricared by 
nsing tt,. presen. invention. Fig. 27A is a u>p view of an EL display panel usmg d.e 
pr««n. invention, to Fig. 27A, reference numeral 10 designates a substta.e; U. a p,xel 
25 portion; 12, . d«. line side driver circuit ml 13, a scanning line side driver circui,. The 
respecive driver circniB lead «. an FPC 17 tough wirings 14 », 16 and are conneced 
to an external equipment. 
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At this time, a sealing material 19 is provided so as to surround at least the pixel 
portion, preferably the driver circuits and the pixel portion. Then, sealing is made by an 
opposite plate 80. As the opposite plate 80, a glass plate or a plastic plate may be used. 
An adhesive 81 is further provided at the outside of the sealing material 19. so that the 
5 substrate 10 and the opposite plate 80 are strongly bonded to each other, and corrosion 
of an inside device by intrusion of moisture and the like from a bonded end surface .s 
prevented. Inthisway.asealedspaceisformedbetweenthesubstratelOandtheopposite 

plate80.Atthistime,anELdeviceisputinsuchastatethatitiscompletelyenclosedin 
the sealed space, and it is completely insulated from the outer air. Further, a sealing resm 
10 83 is filled between the substrate 10 and the opposite plate 80. As the sealing resin 83, 
an organic resin material selected from siUcone based material, epoxy based material, 
acrylbased material, phenolbasedmaterial. and the like is used.mimprovestheeffect 

to prevent deterioration of the EL device due to moisture or the like. 

Fig. 27B is a view showing a sectional structure of an EL display panel of this 
15 embodiment. A driver circuit ITT 22 (here, a CMOS circuit in which an n-channel TFT 
and a p-channel TFT are combined is shown) and a pixel portion TFT 23 (here, only a 
ITT for controlling current to an EL device is shown) are formed on an under film 21 of 
a substrate 10. As the driver circuit TFT 22, an n^hannel TFT or a p-channel TFT for a 
CMOS circuit shown in Fig. 13B in the embodiment 5 may be used. As the pixel portion 
20 TFT 23, a pixel TFT shown in Fig. 13B may be used. 

An interlayer insulating film (fiattening film) 26 made of a resin material, and a 
pixel electrode 27 made of a transparent conductive film electrically comiected with a 
drain of the pixel portion TTT 23 are formed on the driver circuit ITT 22 and the pixel 
portion TFT 23. As the transparent electrode, a compound (called ITO) of indium oxide 
25 andtinoxideoracompoundofindiumoxideandzincoxidemaybeused.Afterthepixel 
electrode 27 is formed, an insulating film 28 is formed, and an opening portion isformed 

on the pixel electrode 27. 

Next, an EL layer 29 is formed. The EL layer 29 may be made of a laminate 
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^ by fr«.y combintag weU-taown EL maurials (a hole injecrion layer, a hole 
rasper, layer,.ugh,emi«taglayer.a»elec«nttamp««l.y»r.o,anelec„o„i.iecuo. 

,ayer)o,astagle4aye,.«c«re.A»eU.i™w.«duu,u.maybeus«l.ode.c™i«wha, 
swcmre is formed. Ue EL ■na.crial inclades a low molecular material and a h,gh 
5 molecular (polymer) material. In .he ca« where *e low molecular material is used, an 
evaporadou method is used. In the case where the high „»lecular material is used, tt . 
possible to useasimple method such asasp,.coadngmethod,aprintingmeU»d, or a. 

Inkjet method. 

U, ^ embodiment, the EL layer is fonned by using a shadow mask and by a. 
XO evaporadon method. A Hgh.-emitdng layer (a red Ught^mitting layer, a green hght- 
emitting layer, and a blue light-emitting layer) capable of emitting Ught wid. different 
wavelengths is formed for every pixel by using the shadow mask, so that color dUplay 
becomespossible.Inadditiontotha.,.hereareasys..minwhichacolo,conversionlayer 

(CCM).ndacolorffl.erarecombined.andasysteminwhichawhitelight-emining layer 
15 and a color filter are combined, a«. any of d« methods may be used. Of course, an EL 
display device of monochromatic emission of light may be made. 

After the EL layer 29 is fonned, a cathode 30 is formed thereon. I. U desirable that 
moisture and oxygen existing a. the interface between the cathode 30 and the EL layer 
29Uremoved.otheu.mos.degre..-n.us,suchcon,rivance is necessary that theELlayer 

20 2,.ndtheca,hode30a«condnuo«slyfbrmedi.vacuum,ord,eELlayer29isformed 
inaniner.gasa.mosphe,.andd.ecathode30isfomedwi,hou,openingto.hea,r.ln,h,s 
e„^n..amulti<hambersystem(clus..rtoolsys.em)fflmfo,mingapparatus,sused 

so that the foregoing film formation is made possible. 

to this embodiment a lammate struour. of a LiF (lithium fluoride) fllm .od an Al 

as (aluminum) film is used for the cathode 30. Specifically, a LiF OiUuum fiuonde , „lm 
havmgathicknessoflnmisformedo„theELU,er29b,anevaporadonme,h.^.and 

an aluminum film having a thickness of 300 mn is formed thereon. Of course, a MgAg 
electrodeofawell-know. cathode material maybe used-Tlrecathode 30 isconne^nedto 
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tt,e wiring 16 in a region d«i^..d by 31. n.. wiring 16 is a power source supply line 
to supplying a predetermined votege » tb. catlwde 30, and is conn«:.ed io .he FPC 17 
through a conductive paste material 32. 

For .he purpose ot electtically connecting .he caAode 30 to the wiring 16 in U,e 
5 region31,i.isnecess.ry«,fom,aconuc.holein.hein..rlayerinsulatingfite,26a„d.he 

tosuUtingfUm28.-nusmaybeform«lat.hetimeofetcbingof.hein.erlay=rinsula.,ng 

a. 26 (at the time of formatton of the intact hole to the pUel electrode) and a. .he 
Hme of etching of .he msulating mm 28(a.thetimeoffom,ationofthe opening pomon 

prior.otheforma.ionof.heELlayer).Besides.wh.n»,eu,sulatingfUm28isetched,U,e 
10 taterlayer insulting fihn 26 may also be e,ched a. .he same .ime. In this case, if .he 
toteriayer insuUting fihn 26 and the insuUting film 28 are made of the same resm 
material, the shape of .he contact hole can be made exceUent 

The wiring 16 is eleorically connecttd u, the FPC 17 through the gap (it is fiHed 
wi.hU.eadhesive81)be.ween.hesealingma.eriall9andthesubs»a»10.Al.houghthe 

,5 description h» been made on ti,. wiring 16, tire other wirings 14 and 15 are also 
electticaUy connected » the FPC 17 ttuough the portion under .he sealing materral 19 m 
the same manner. 

In the EL display panel having U« smtcmre as described above, .he presen. 
invention can be used. Here, an example ofamore detailed sectional struaureofaputel 
20 p„rtionisshow.inFig.28A,at„psti.«»reUshowninFig.29^andacircuitdiagram 
isshownh,Fig.29B.S,ncecommonreferencenumerab are used inFigs.28A,29A, and 

29B tirey may be referred » one anoth«. taSdentdly, F.gs. 28A, 29A, and 29B merely 
show an example ofapixel portion, and 1. is needlessu.say.hat the present invennon. 

not limited to the structure. 
25 In Fig. 28A, a switching TFT 2402 provided on a substta.e 2401 is formed using 
an n^annelTFTof tire pre^nt invention (toexamplcaTFTofEmbodimentModel 

shown in Figs. lA to IQ. Although tins embodiment adopB a double ga.e s.ruc.ure, 
sinceala,gedifferencedo.sno..xis.insm.c«..eandfabricatingp,ocess,ti..expla„a„on 
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is„™„ea.Howev„.bymaking,hedoub.ega«s«u«ure,suchas™c»reUfonned,ha, 

„o ms a. substantially co^^ ^ «> ^ 
„„tfc»«..va(ue«obe,educe..Al.hough,h.doub,ega,es.mc.ureisadop.ed,„,hts 

e„*odta«.. . staglc ga.. suucmre ™a, b. adopted, o. a ,rip,= ga.= s,™cb.re or a .uU,- 
, ,a.cs«,c™r.having»o«ga»s™,b.adop«d.Al«ma.ive>,,.beTFr,nayb.£or,n»i 

of a p^hamel TFT of the present mvention. 

A o^nent controUing TFT 2403 is fonned using an n-channe. TFT of tbe present 

.vention. At tbis tin-e. a drain w«n. 35 of tbe .witcbing TFT 2402 . e.ec. ca. , 
eonnected,oagateelec.rode37ofthea.rren.ccntro,«ngTFr.Awi„„gdes,gna.eb, 

,„ 3Bisagatewiringtoe,eetHcaUy»nnec.ga.ee,ec.rodes39aand39bof,besw,tch.ng 

TFT 2402 

„ characteristics of the current controBing TFI 2403, such as a thresboid voltage 
„ncurre„.andsubtbresboldconstan.(Sva.ue).fluc.ateforever,pUe,.theintensit,of 

U^htentissionofUKELdevicedrivenbycurrentcontrol fluctuate. andad,s.rbance 
.5 occursinin,agedisp,a,.,nordertodecreas.tbefluctua.ionandtocausetbethreshoW 
voltageandtbe,iite.obeputwi.hinaprede«r,ninedrang.,itbecon,esnecessary.ous. 

■ ,„hi.h the stress balance is taken into consideration as m the present 

a TFT structure m which the stress odiou^^ 

i„ven«on.Si.o..becur,entcon.roUingTFrisadevice,ocontro,thea.ou„to,curre„t 
f,o„ingtbrougbtb.ELdevice.UisaUosuchadevicetba.alargecurrentflows,sothat 
» U.ereisahighpossibaityofoccurrenceotdeteriora.io.due«>he«ordeteriorauondue 
.„ho.caMe.s.-n,us,i.becon,esnecessa:,ton»kes„cbastrucbrr..hata„LDDreg,on 

U pr„«d«i a. a drain side of the current controlltag TFT so as to overlap with a gate 

electrode through a gate insulating flhn. 

bthise,nbodimen,ald»ughthec«n««co„"oUi.gTFr2403isshownasas.ng,e 

^ ,atest™ctu,e.anrulti.gatest™cturein-chap,uraii.,ofTFrs.reco„ne«dit,^^ 
l.acbothern,aybeadopted.Fur.her.sucbas,ru«urcnu,b.».op.edthataplura,.t, 

of Trrs are connected » parallel with each other to substantiall, divide a chann. 
fonnation region into plural regions, so that radiation of beat can be nrade at htgb 
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efficiency. Such sttucmre is effeoive as a co,.n«r«easu,e agains. de,erio,auon due .0 
hea,. Liice ttus, in .he acttve matrix type EL dispUy device, when tt.e ITT described in 
U,een*odim.n.3.embodimen.4,orembcdim««9isus«l,.xclle„.cha«c..risdcscan 

be obained. Mvely, although no. shown, the TFT of *c invened s.agger ,yp. 
5 shownin.heembodin«..lor.he.mb«din«n.2maybeapplied,o.heac.iv.n,a.rix.ype 

EL display device of this embodiment. 

Besides, as shown in Fig. 29A,awiringwhichbecoBcsfl.cga.«lecttode37otU,e 

„u,«n.co„«,llingTFT2403 is a region desi^a»d by 2404. and overUps wi,h a dram 
wiring 40 of flic curren. conttoUing TFT 2403 .hrough an insula.ing film. A. .h« ..me, 
,0 taU»regio„designa«dby2404.acapaci«>ris«onned.™scapaci.o,2404fanc.io„sas 
acapaci<orforholdingavol»geappUed«.d»ga«ofU..cu-.«con«oUingTFT2403. 

Note to. a drain wiring is conneaed » a curren, supply line (power source line) 2501. 

and is always appUed wiU. a consan. vologe. 

Afirs.passivarionfam4lisprovidedo.*eswi.chingTFr2402and.heouri.n. 

15 con«,llingTFr2403.andafU.«ni«gfilm42m«teofaresininsuIadngfamisforn»d 

.hereon. Lis very imporm.»fl««..«eP*.e«."»T^''y--'S*' «^ 
42 Since a subsequently formed EL layer is very .bin. tore is a case where poor hgh. 
emission occurs due ,0 the exis«nce of U>e s.ep. Titus, i. is desirable u> make flanenmg 
prior «. formation of a pixel .l«»ode so to. .he EL layer can be formed on .he flanes. 

20 possible surface. 

Refer.ncenum.r,143d.signa»sapix.lel.c»de(caU>odeoftoELdevice)made 

ofaconducttvefUm having high refleciviv, which iselecBically connected .0 .he dram 
ofdtc curroi. conttoUing TTT 2403. As dte pixel elecrode 43. i. is preferable ,0 use a 
,„w r«,is«nc conducUve film such as an aluminum aUoy Blm, a copper alloy f.lm, or a 
25 silver aUoy film, or a laminate fihn of dtose. Of course, a laminate secure .0 o.her 
conductive films may be adopted. 

A light emining layer 44 is formed in a groove (corresponding «> a pixel) fonned 
„, banks 44a and 44b made of insulating fflms (preferably, resin). AlUiough only one 
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pixel is sl>own here, Ugh. .mining Uyers corresponding .0 the respeoive colors of R 
(Red), G (Green) and B (Blue) ma, be separattly formed. As an organic EL material ,l,a. 
constoKs a Ugh. emining layer, k conjuga.ed polymer material is used. As 
polymer m«er«ls, polyparaphenylene vinylene (PPV), polyvinylcarbazole (PVK), 
5 polynuorene, and .be like can b. enumerated. Although various wes exis. for .he PPV 
organic EL materials, for example, a materia, disclosed in "H. Shenk, H. Becicer, O, 
Gelsen E. Huge, W. Kreuder, and H. Sprei«r, "Polymers for Ligh, Emining Diodes". 
Euro Dteplay, Proceedings, 1999, p.33.37", or Japanese Paten. Lald^pen No. Hei. 10- 
92576 may be used. 

,0 Asasp.ciflcUgh.emininglayer,i.isappropria».ha.cyanopolyphenylenevinylene 
is used foraligh. emitting layer emi«ingaredUgh.,po.yph.nylenevtaylene is used for 

a Ugh. emining layer emining a green Ugh., and polyphenylene vinylene or 
.polyalkylph«.yleneisusedforaligh.emittinglayereminingabluelight.I.isappropna« 

that the film thickness is made 30 U, 150 nm (preferably 40 .0 100 nm). However, to 
,5 aboveexamplesareonlyexamplesoforganicELmaterialscapableofbeingusedfortbe 

Ugh. emining layer, and i, is not necessary «> Umi. U.e invenUon .0 .hose. TTe EL layer 
(Uyer in which Ugh. emission is made and carrier movemen. for .hat is mad.) may be 
formed by fteely combining a Ught eminmg layer, a charge ttanspon layer, and a charge 
injection layer. 

20 For .xample. although this emboditnen. shows an example m which a polymer 
™.erial is used for dre Ugh. emining layer, a low molecular organic EL marerial may be 
„s«i It is also possible to use an inorganic resin material such as silicon cart>ide for *. 
charge ttanspor. layer or charge injection layer. As the organic EL material and the 
inorganic material, weU-known materials can be used. 

25 In this embodiment, the EL layer is made «. have such a laminate structure .ha. a 
holetajectioolayer46madeofPED(yr(poIythiophene)orPAni(polyaniUne)isprovided 

on a Ught emining layer 45. An anode 47 mad. of a transpar... conductive film ts 
provide! on the hole injecUon layer 46. to the case of Uns embodimen., since hgh. 
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p^„c.din*..igh.enu«toglay«45is.n.«e<i.owa,d*e upper surface sideooward 
ap„mo.abov.d,.irD.U,e anode ■nus.b.-a.^.uce.tAsU.ettanspa.en.ccnducnve 
ffl„>,al*o„ghacompou»dofindiumoxidea„d«noxid.oraco,.po»dof indtaox.de 
^drincoxide may be used, sinceUis fom>ed after U,e Ugh. emming layer and*.hole 
5 taie«io.Uyerhavi.g.owhea,resis>ancearefor,ned,i,ispre,eraMe.ha..he»a«spare„. 

e^duedve film can b. formed at U>e lowes. possible temperarure. 

A.U,epoin.when*eanode471«,beenft.n.»-.«.ELdevice2405iscomple,ed. 

Ho»U».d.eELdevicebereindica.es.epixe.elec«ode(caU,ode)43..heligb.emi«ing 

,aye,45.*eho,einie«ion,ayer46.and,hecapaciu,rformeda.*eanode47.Asso«n 

,„ in Fig. m Since *. pixel ele«rode 43 roughly coincides wi.h .he area o, a pixel, .he 
„Ho,epixelfu„c«o,«asU,eELdevice.Tl>ns.aus.geefflcie.cyofUgh.emission.very 

high, and bright image display becomes possible. 

U,tbisembodiment,asecond passivation fflm48isfcrther provided on the anode 

47A.theseco.Kipassivationfilm48.asiliconnitridefilmorasiUconm.rideoxidef.lm 

« isprefer.b,.Tldsobiec.isK>isoU«*eELdevicefromd.eou.ide,whichhasbo.hof 

a meaning .o prevent deterioration due to oxidation o, the crgamc EL matena. and a 
„eaning.opreventdegassingfromth.or^cELmaterial.Bythis.there.iabiU.yof.he 

EL display device can be raised. 

Asdescrib«labov.,theELdispU,panelofthepresentinve„tionincludesth.p.xel 

« porrion made o, . pixel having «.e s««cmr. as shown ^ Fig. 28A, and deludes .he 
s«i.chingTyr«hichb.sasufficienttylowoflcn,x.ntval„eandth.currentcon.ron,ng 

T„„hichiss.ro.gagalnsthotcarri.riniecti™,.Thus.theELdisplaypanelhavingh,gh 

reUabiUty and «.abUng exceUent image di^lay can be obtain^.. IncidentalK. ,n the 
^ of this embodiment i. is effecUve to use the EL display panel of .h,s 
^ embodiment.sthedisplayporiionotth..lec«..ic.,uipmentottheembod,men, 



[Embodiment 11] 

tathisen*odiment,adescripHonwillbem«l.o.as.ruc«Keinwhichthe«nuc.u,e 
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„£U,eELd«ice 2405toU.e pixel portion show.mti,cembodimc„,10isinver.ed.F,g. 
28B is used f6rU«d«crip.ion.Indd««ally,since differ™. poln«ftoma«sttuc>u,= of 
Hg.28A3reo«lyapor,ionofanELdevi«a.daa.T.n.c„,.BollingTFT..hedescrip.io„ 

of other portions is omitted. 
5 InFig 28B,acu«ntconUoUingTFT2601isfonnedbyusingap-channelTFTof 

present tavenUon. Embodiment 3, 4 and 9 may be referred .o for fabricating steps. 
bthisembodimen,,at«nspar.n.eonductivefilmisusedasap,.ele.ec.rode(anode)50. 

SpedficaUy, a conductive fllm made of a compound of i«iium oxide and ^c oxtde ts 
nsed. Of course, a conducdv. film made of a compound of indium oxide and tm ox.de 

10 may be used. . , 

After banks 51a ».d 51b made of an insularing film are formed, a Ugh. em.mng 
Uyer52made of polyvinylcarbazoleisfonn^ib, .pplicaonofasolution.Anelec.ro. 

miecdonlayer53madeofpo,assiumace.yuce».a«andaca«,od.54madeof aluminum 

*,.,.formedU,ereon.I.thiscase.thecathode54fu.ctionsalsoasapassivationfam. 

15 In this way, an EL device 2602 is tonned. 

to the case of embodiment. Ugh. generated to U.. Ugh. emining layer 53 . 
emi«edasindica.edbyanarrow.oward*es«bs«a«onwh,chTFrs.refonned.lnthe 

ease where the stn.cn.re of U»s embodimem is adopted, it is preferable that the current 
comroUing irr 2601 is fon«d of a p<h»mel TFT. Incidenully, .he s.ru«ure of 
20 .„*«Umen,c«.b.fi..lycombtoedwid.U»s™cn.reoftheembodimentslto4and9. 
Biseffecdve^usetheELdisplaypanelofthisembodta^ntasthedisplayportonofthe 

electronic equipment of the embodiment 7. 



[Embodiment 12] 

to ftis embodimen., an example of a pixel having a suucmre differem from .he 
25 circui.diagramsho«ninFig29Bwmb.describedwi.hreferencU,Figs.30A.o30C. 

to embodimen, reference numeral 2701 designates a source wiring of a sw,.ch,ng 
TFT 2702; 2703, a gate wiring of the swi.chtog TFT 2702; 2704, a curren. co„.roU,ng 
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TFT; 2705, a capacitor; 2706, 2708, current supply lines; and 2707, an EL device. 

Fig. 30A shows an example of a case where a current supply line 2706 is common 
to two pixels. That is, this example is characterized in that two pixels are formed 
axisymmetrically with respect to the current supply line 2706. In this case, since the 
5 number of power supply lines can be reduced, the pixel portion can be further made 
fine. 

Fig. 308 shows an example of a case where a current supply line 2708 is provided 
in parallel with a gate wiring 2703. Although Fig. 30B shows a structure in which the 
current supply line 2708 and the gate wiring 2703 are provided so that they do not 

10 overlap with each other, if both are wirings formed in different layers, it is also possible 
to provide them so that they overlap with each other through an insulating film. In this 
case, since an occupied area can be made common to the power supply Ime 2708 and the 
gate wiring 2703, the pixel portion can be made further fine. 

Fig. 30C shows an example characterized in that a current supply line 2708 is 

15 provided in parallel with gate wirings 2703a and 2703b similarly to the structure of Fig. 
30B, and further, two pixels are formed to become axisynunetric with respect to the 
current supply line 2708. It is also effective to provide the current supply line 2708 in 
such a manner that it overlaps with either one of the gate wirings 2703a and 2703b. In 
this case, since the number of power supply lines can be reduced, the pixel portion can 

20 be made further fine. Incidentally, the structure of this embodiment can be freely 
combined with the structure of the embodiment 10 or 11. It is effective to use the EL 
display panel having the pixel structure of this embodiment as the display portion of the 
electronic equipment of the embodiment 7. 

[Embodiment 13] 

25 Although the embodiment 10 shown in Figs. 29A and 29B has such a structure that 

the capacitor 2404 for holding a voltage applied to the gate of the current controlling TFT 
2403 is provided, the capacitor 2404 can be omitted. 
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In the case of the embodiment 10, since the n-channel TFT of the present invention 
as shown in Fig. 28A is used for the current controlling TFT 2403, the TFT includes an 
LDD region provided to overlap with a gate electrode through a gate insulating film. 
Although parasitic capacitance generally called gate capacitance is formed in this 
5 overlapping region, this embodiment is characterized in that this parasitic capacitance is 
positively used as a substitution of the capacitor 2404. 

Since the capacitance of this parasitic capacitance is changed by an area where the 
gate electrode overlaps with the LDD region, it is determined by the length of the LDD 
region contained in the overlapping region. Also in the structures of Figs. 30A, 308 and 

10 30C, the capacitor 2705 can be omitted similarly. Incidentally, the structure of this 
embodiment can be freely combined with the structure of the embodiments 1 to 4 and 9. 
It is effective to use the EL display panel having the pixel structure of this embodiment 
as the display portion of the electronic equipment of the embodiment 7. 

As described above, in a semiconductor device including an active layer of a 

IS semiconductor film formed on a substrate, stress balance is considered among the 
semiconductor film, a first insulating layer provided at a substrate side with respect to the 
semiconductor film, and a second insulating layer provided at a side opposite to the 
substrate side, so that it is possible to decrease distortion in the active layer and at the 
interface between the active layer and the msulating layer, or generation of defects. As 

20 a result, a high field effect mobility can be obtained, and by improving resistance against 
stress due to heat or an electric field, a semiconductor device with high reliability can be 
realized. 
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